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ABSTRACT 
Fire Protection Analysis of Warren J. Baker Center for Science 
Aric Edgar Carracino 
 
A prescriptive and performance based analysis was performed on the Warren J Baker Center for Science 
on the California Polytechnic San Luis Obispo campus. The code based analysis included reviewing the 
building’s egress components, structural fire protection, fire sprinkler system, and fire alarm system. 
This included the requirements of the California Building Code, as well as applicable NFPA codes. 
Analysis of the egress components of the building revealed several dead end corridors within the 
building that exceed the maximum allowed length of 50 feet. In addition, the student workspace areas 
on Level 3 require two exits, but are only provided with one. The structural fire protection requirements 
were found to meet the requirements of the California Building Code, including the required height, 
area and occupancy separation. The provided fire suppression system and fire alarm system were found 
to be compliant with the requirements of NFPA 13 and NFPA 72, respectively. A performance based 
analysis was conducted on the natural ventilation smoke control system within the atrium of the 
building. This was done by comparing the results of Pathfinder and Fire Dynamics Simulator models to 
determine if the available safe egress time is greater than the required safe egress time. It was found 
that the existing smoke control system failed performance requirements in two separate design fire 
scenarios. A new natural ventilation smoke control system design with 150% greater ventilation was 
proposed and tested using the most severe fire scenario and was found to provide an available safe 
egress time greater than the required safe egress time. 
 
 
 
 
 
 
 
 
Keywords: Life Safety Analysis, California Building Code, Performance Based Design, Fire Dynamics 
Simulator, Natural Ventilation Smoke Control 
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1.0 PROJECT INTRODUCTION 
1.1 Purpose 
The purpose of this report was to analyze the Warren J. Baker Center for Science (CSM) in every aspect 
of fire protection, including a prescriptive analysis and a performance based analysis. The prescriptive 
analysis included the analysis of the building’s egress components, structural fire protection, the fire 
suppression system, and the fire alarm system. This analysis was conducted using the California Building 
Code (CBC) and applicable NFPA codes to determine if the current systems and construction within the 
building meet the requirements of the codes. Throughout this report, if discrepancies are found 
between existing components of the building and the requirements of the codes, recommendations will 
be made to show how the building could comply with the code.  
In addition to the prescriptive analysis of this report, a performance based analysis was performed on 
the natural ventilation smoke control system within the atrium of the building. The purpose of this 
analysis was to determine if the smoke control system was adequate to maintain safe conditions within 
the atrium for a time greater than it takes the occupants to exit the space. This was determined by using 
the computer programs Pathfinder and Fire Dynamics Simulator (FDS) to find the required safe egress 
time (RSET) of the occupants and the available safe egress time (ASET).  Through the performance based 
analysis as well as the prescriptive requirements of the applicable codes, it can be determined if the 
building is considered safe for occupancy.  
1.2 Building Description 
The Warren J. Baker Center for Science and Mathematics (CSM) is the newest building on the Cal Poly 
San Luis Obispo Campus. Construction was completed in 2013 and the first classes were held in the 
building in Fall of 2013. The building is 6 stories and 108 feet in height, but is not classified as a high-rise, 
and has a total area of 188,372 square feet. The CSM is classified as a separated occupancy and is Type 
1B construction. The building is fully sprinklered and contains a fire pump and standpipe system. The 
building contains a fire alarm system that include an in-building emergency voice alarm communication 
system (EVACS). From Level 2 to Level 6, there is a five story atrium that separates the east and west 
wings of the building and is protected with a natural ventilation smoke control system. The building is 
primarily a Group B occupancy since it contains mainly offices, classrooms and labs, but it also contains 
large lecture halls, storage spaces, and hazardous storage.  
1.2.1 Fire Department Access 
The building has fire department access on Level 1, Level 2, and Level 3 as shown in Figure 1. On the 
west side of the building, there is a public way that provides fire department access to Level 1. On the 
north side, North Poly View Drive provides fire department access to Level 1, Level 2, and Level 3 since 
this road is on a steep slope.  
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Figure 1 – Fire department access for the building [1]. 
 
1.2.2 Non High-Rise Classification 
The California Building Code (CBC) defines a high-rise structure as a building of any type of construction 
or occupancy having floors used for human occupancy located more than 75 feet above the lowest floor 
level having building access [2]. Since the building is 108 feet tall, it would normally be classified as a 
high-rise structure. CBC Section 403.1 states, “When a building is located on sloping terrain and there is 
building access on more than one level, the enforcing agency may select the level that provides the most 
logical and adequate fire department access.” [2] Since the building is on a steep grade and has 
adequate fire department access on Level 2, the building height can be measured from Level 2. As 
shown in Figure 2, the overall building height from Level 1 to the Upper Roof is 108 feet, while the 
height from the fire department access on Level 2 to the highest occupied floor, Level 6, is 64 feet. Since 
this is less than 75 feet, the building is not classified as a high-rise structure. 
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Figure 2 – Building elevation showing total height of 108 feet and defined height of 64 feet [1]. 
 
1.3 Applicable Codes and Standards 
 
California Building Code (CBC), 2013 Edition 
California Fire Code (CFC), 2013 Edition 
NFPA 13 Automatic Sprinkler System Handbook, 2013 Edition 
NFPA 14 Standard for the Installation of Standpipe and Hose Systems, 2013 Edition 
NFPA 25 Standard for the Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems, 
2014 Edition 
NFPA 72 National Fire Alarm and Signaling Code, 2013 Edition 
NFPA 92 Standard for Smoke Control Systems, 2015 Edition 
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2.0 EGRESS ANALYSIS 
 
2.1 Occupancy Classification  
The occupancy of each space of the building is classified according to Chapter 3 of the CBC. The 
following rooms and areas have the occupancies as indicated (Table 1).  
Table 1 - Occupancy Classifications Present in Building 
Room Description Occupancy CBC Reference [2] 
Lecture Hall, Conference Room A-3 303.4 
Classroom, Lab, Office, Conference Room  
<50 occupants, Restroom, Atrium, 
Corridors 
B 304 
Mechanical , Electrical, Telecomm,  
Server, Fire Pump Room 
S-1 311.2 
Storage, Janitorial S-2 311.3 
Chemical Storage, Hazardous Waste H-3 307.5 
 
Appendix A shows the floor plans for each level of the building indicating the location of each 
occupancy, as well as the exits, shafts, and corridors within the building. The occupancy classifications 
are used to determine requirements for the egress system, and since the building has multiple 
occupancies, the most restrictive of these requirements must be followed (CBC 1004.6). 
2.2 Occupant Load 
In order to calculate the occupant load of the building, each space or room must be classified by its use, 
which can differ from its occupancy classification. The occupant load for each floor was calculated 
according to the appropriate use of the space and corresponding occupant load factor (Table 2). 
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Table 2 - Occupant Load Factors for Uses Present in Building 
Occupant Load (CBC Table 1004.1.2) [2] 
Use Occupant Load Factor 
(ft2 per person) 
Accessory Storage/ 
Mechanical Equipment Room 
300 
Assembly without Fixed 
Seating, unconcentrated 
15 
Business 100 
Educational, Classroom 20 
Educational, Lab 50 
 
For some uses, such as educational for classrooms and labs, the use is different from the occupancy 
classification. The classrooms and labs in this building are considered Group B because they are 
intended for university classes rather than K-12 classes, but still use the occupant load factor for the 
educational use. Use and occupancy also differ for conference rooms with less than 50 occupants. For 
these rooms, the occupant load factor for assembly use is used to calculate the occupant load, but since 
the occupancy is less than 50 it is considered a Group B occupancy rather than a Group A-3.   
The calculated occupant load per story are shown in Table 3. The occupant loads for classrooms, labs, 
and assembly spaces were calculated using the net area of each room. The remaining area of each floor 
was considered business use, since the building is predominantly a business occupancy. The entire area 
within the perimeter walls was used to calculate the occupant load of the business use since it is 
dependent on gross area.  
Table 3 - Calculated Occupant Load per Level 
Level Occupant Load 
1 659 
2 650 
3 770 
4 525 
5 339 
6 289 
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2.3 Means of egress 
2.3.1 Number of Exits 
The requirements for number of exits for floors depending on occupant load according to CBC Table 
1021.1 are shown in Table 4. 
Table 4- Exit Requirements Depending on Occupant Load [2] 
Occupant Load Per Story Minimum Number of Exits from Story 
1-500 2 
501-1000 3 
 
The occupant load of each story does not exceed 1000 occupants, so no story requires more than 3 
exits. The required number of exits for each floor is shown in Table 5 using the above requirements and 
the calculated occupant loads. 
Table 5- Number of Exit Requirement based on Occupant Load of Building 
Floor Occupant Load Required Provided 
1 659 3 3 
2 650 3 6 
3 770 3 4 
4 525 2 3 
5 339 2 2 
6 289 2 2 
 
All floors are compliant with the requirements of the CBC because they all have the required number of 
exits based on their occupant load. The open stairway within the atrium does not count as an exit 
because it is not protected according to the requirements of the CBC. This stairway is not included in the 
number of exits or in exit capacity calculations. 
2.3.2 Exit Capacity 
The means of egress capacity was calculated using the factors shown in Table 6. Since the building is 
equipped throughout with an automatic sprinkler system and an emergency voice/alarm 
communication system, the factors can be reduced as shown in Table 6. 
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Table 6 - Means of Egress Capacity Factors  
Means of Egress Capacity 
Egress Component Capacity Factor 
(inches/person) 
CBC Reference [2] 
Stairways 0.2 CBC 1005.3.1, Exception 1 
Other Egress Components 0.15 CBC 1005.3.2, Exception 1 
 
The egress capacity of each floor was calculated by multiplying the width of each egress component by 
the factors in Table 6. When two exit components that are used in series had different exit capacities, 
the lesser of the two was used as the limiting capacity in order to determine the overall exit capacity of 
each floor (Table 7). 
Table 7- Exit Capacity Calculation from Each Floor 
Description Component Width (in) 
Capacity Factor 
(in/person) 
Capacity 
(people) 
Limiting Capacity 
(people) 
Floor 1 
Front Doors Door 216 0.15 1440 1440 
Access to N Exit Door 72 0.15 480 
480 
N Exit Door 96 0.15 640 
Stair #4  Door 36 0.15 240 240 
    
TOTAL 2,160 
Floor 2 
West Wing Exit Door 72 0.15 480 480 
Atrium North Door 144 0.15 960 960 
Atrium South Door 144 0.15 960 960 
East Wing Exit Door 72 0.15 480 480 
Stair #4 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
Stair #5 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
Stair #3 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
    
TOTAL 3,240 
Floor 3 
Stair #1 Door 36 0.15 240 240 
Stair #3 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
Stair #4 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
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Stair #5 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
    
TOTAL 960 
Floor 4 
Stair #1 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
Stair #3 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
Stair #4 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
    
TOTAL 720 
Floor 5 
Stair #1 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
Stair #3 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
    
TOTAL 480 
Floor 6 
Stair #1 
Door 36 0.15 240 
240 
Stair 48 0.2 240 
Stair #3 
Door  36 0.15 240 
240 
Stair 48 0.2 240 
    
TOTAL 480 
 
In order to be compliant with CBC 1005.3, the available exit capacity must be greater than the occupant 
load for each floor. The building is compliant with this requirement as shown in Table 8. 
Table 8 - Occupant Load vs. Egress Capacity for Each Floor 
Floor Occupant Load Egress Capacity 
1 659 2,160 
2 650 3,480 
3 770 960 
4 525 720 
5 339 480 
6 289 480 
 
2.3.3 Arrangement of Exits 
According to CBC 1015.2.2 Exception 2, buildings protected throughout by an automatic sprinkler 
system must have a separation distance between two exits not less than one-third the maximum 
diagonal of the room or floor [2]. All levels and rooms with more than one exit are compliant with this 
requirement. 
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Since more than two exits are required for Levels 1 through 4, the requirements of CBC 1015.2.2 must 
be met. This section requires that when more than two exits are required, at least two of the exits must 
meet the separation requirements. All floors meet this requirement of the CBC. 
2.3.4 Travel Distance 
The CBC requirements for exit travel distance, common path of travel, and dead end length for the 
occupancies present in the building are summarized in Table 9. 
Table 9- Travel Distance Limits Based on Occupancy [2] 
Occupancy 
Exit Travel Distance 
(CBC Table 1016.2) 
Common Path of 
Travel (CBC Table 
1014.3) 
Dead Ends (CBC 
1018.4, Exception 2) 
A 250 75 
 
 
50 
 
 
S-1 250 100 
S-2 400 100 
B 300 100 
H-3 150 2 
 
On each floor, this requirement is met due to the number and arrangement of exits for the size of the 
building. However, on the north end of the second floor, there is a dead end corridor in excess of 50 feet 
as shown in Figure 3. This does not meet the 50 foot requirement for business occupancies. In order to 
reduce the length, the doors leading to the corridor could be offset farther back. There will still be a 
dead end corridor, but this would reduce its length. 
 
Figure 3 - North end of Level 2 showing dead end corridor greater than maximum 50 feet [1]. 
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In addition to this dead end, on Levels 4-6 in the atrium a dead end greater than 50 feet occurs in the 
corridor leading to the faculty offices as shown in Figure 4. 
 
Figure 4 - Dead end exceeding 50 foot maximum on Levels 4-6 of the atrium [1]. 
2.3.5 Exit Signage  
The locations of exit signs within the building are compliant with the requirements of CBC 1011.1. All 
exits from a floor or the building are marked with exit signs including any access to exits. Following the 
requirements of CBC 1011.1, all exit signs were placed so no point in exit access corridors is in excess of 
100 feet [2]. 
2.4 Fire Resistance of Egress Components 
Fire resistance of vertical openings, exit access corridors, and exit stairs are all shown on the plans in 
Appendix B.  
2.4.1 Interior Exit Stairs 
According to CBC 1022.2, exit stairs must be protected by 1 hour fire resistance rating for stairs serving 
three or fewer stories and 2 hour fire resistance rating for stairs serving four or more stories [2]. Since 
both interior exit stairs serve four or more floors, both must be protected by 2 hour fire resistance rating 
enclosures.  
2.4.2 Exterior Exit Stairs 
According to CBC 1026.6, outside stairs must be separated from the interior of the building by 
construction with the fire resistance rating required for enclosed stairs [2]. To meet this requirement, 
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the south exterior stair requires 1 hour fire resistance rating since it is less than four stories, and the 
north exterior stair requires 2 hour fire resistance rating since it is greater than 4 stories.  
2.4.3 Corridors 
The requirements for corridor fire resistance rating for the present occupancies from CBC Table 1018.1 
are shown in Table 10 – Corridor Fire Resistance Rating Requirements from CBC Table 1018.1Table 10. 
Table 10 – Corridor Fire Resistance Rating Requirements from CBC Table 1018.1 [2] 
Occupancy Required Corridor Fire Resistance Rating 
(sprinklered) 
H-3 1 
A, B, S 0 
 
The corridors within the building are not required to have a fire resistance rating, except where the 
Group H-3 occupancy is located. Since the Group H-3 is only in one location of the building that is 
separated from the rest of the building, only this area is required to have a 1 hour fire rated corridor, as 
shown in Figure 5. 
 
Figure 5 - Location of H-3 occupancy showing 1 hour fire rated corridor [1]. 
2.4.4 Vertical Openings 
Vertical openings, including mechanical shafts and elevator shafts, covering four or more stories require 
a 2 hour fire resistance rating while shafts covering less than four stories require a 1 hour fire resistance 
rating according to CBC 713.4 [2].  
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2.4.5 Openings Protection 
All openings and assemblies within fire rated construction require a fire resistance rating. The required 
fire resistance ratings for opening protectives in fire resistance rated assemblies are listed in Table 11. 
Table 11 - Openings Fire Resistance Requirements in Rated Assemblies [2] 
Component Walls (hr) Doors (hr) Windows (hr) 
Vertical Shafts 
(including stairways) 
2 1 1/2 NP 
1 1 NP 
Exit Access Corridors 1 1/3 3/4 
Fire Barriers 
2 1 1/2 NP 
1 1 1 
*NP: Not Permitted 
2.4.6 Interior Finish 
The interior finish classification limitations for the occupancies that are present in the building are listed 
in Table 12 from the requirements of CBC Table 803.9 for wall and ceiling finish and CBC 804.4.2 for 
interior floor finish.  
Table 12- Interior Finish Requirements in Components of Means of Egress [2] 
Occupancy Exits Exit Access Corridors Other Spaces 
A-3 
B 
I or II 
B 
I or II 
C 
I or II 
B 
B 
I or II 
C 
I or II 
C 
I or II 
S 
C 
I or II 
C 
I or II 
C 
I or II 
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3.0 STRUCTURAL FIRE PROTECTION ANALYSIS 
 
3.1 Occupancy Classification 
Since the building is primarily university classrooms, the main occupancy is Group B Business. The 
building also contains the occupancy classifications shown in Table 13 as determined by CBC Chapter 3. 
Table 13 - Occupancy Classification [2] 
Occupancy 
Classification Area 
A-3 Lobbies, Lecture Halls 
B 
Offices, Conference Rooms < 50, 
Laboratories 
S-1 Electrical, Mechanical, Telecommunications 
S-2 Storage, Janitorial 
H-3 Chemical Storage 
 
The occupancy classifications for the building are shown on the drawings in Appendix A. 
3.2 Construction Type 
The building is Type 1B construction. The fire resistance rating requirements for building elements are 
shown in Table 14 as determined by CBC Table 601. 
Table 14 - Fire Resistance Rating for Building Elements [2] 
Building Element Type 1B 
Primary Structural Frame 2 
Exterior Bearing Walls 2 
Interior Bearing Walls 2 
Interior NonBearing Walls 0 
Floor Construction 2 
Roof Construction  1 
 
The requirements for exterior walls are based on fire separations distance and occupancy, as well as 
construction type. The fire resistance rating for different fire separation distances for Group B 
occupancies and Type 1B construction are shown in Table 15, based on the requirements from CBC 
Table 602. 
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Table 15 - Fire Resistance Ratings for Fire Separation Distances [2] 
Fire Separation Distance (feet) Group B, Type 1B  
X<5 1 
5<X<10 1 
10<X<30 1 
X>30 0 
 
Since there is a separation distance of at least 30 feet around the entire building, the exterior walls are 
not required to have a fire resistance rating. 
3.3 Height and Area Analysis 
Since the building contains multiple occupancies, it is classified as a mixed use building in accordance 
with CBC Section 508. The Group H-3 occupancy spaces are required to be separated from the 
remainder of the occupancies as required by CBC Section 508.4. For this reason, the building is classified 
as a separated occupancy building. The allowable building area per story is determined by increasing the 
tabular area from Table 503 by 200% for sprinkler protection (CBC Section 506.3) and by 75% when the 
frontage area exceeds 30 feet on all sides of the building (CBC Section 506.2) as shown in Table 16. 
Group H-3 occupancies are not permitted to have an area increase due to sprinkler protection per CBC 
Section 506.3 Exception 2 [2]. 
Table 16 – Allowable Area [2] 
Construction Type 1B Group B Group A-3 Group S-1 Group S-2 Group H-3 
Base Area (Table 503) UL UL 48,000 79,000 60,000 
Sprinkler Increase (506.3) UL UL 96,000 158,000 0* 
Frontage Increase (506.2) UL UL 36,000 59,250 45,000 
Allowable Area Per Story UL UL 180,000 296,250 105,000 
 
The actual building area per story is shown in Table 17 showing compliance with the requirements from 
Table 16. 
Table 17 – Provided Area 
Floor Area (square Feet) 
1 23,146 
2 43,458 
3 43,209 
4 33,307 
5 25,294 
6 19,958 
Total 188,372 
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Since the building is classified as a separated occupancy building, the required fire resistance rating 
between occupancies is determined by CBC Table 508.4. These requirements are summarized in Table 
18 for the present occupancies within a sprinklered building and shown on the drawings in Appendix B. 
Table 18 - Required Occupancy Separation [2] 
Occupancy A S-2 B, S-1 H-3 
A N N 1 2 
S-2 N N 1 2 
B, S-1 1 1 N 1 
H-3 2 2 1 1 
 
The allowable building height is determined from the requirements of CBC Table 503 along with the 
allowed increase from Section 504.2 for the presence of an automatic sprinkler system. Since the 
building contains Group H-3 occupancy, the building height is not permitted to be increased in 
accordance with CBC Section 504.2 Exception 2. The determination of the allowable building height is 
shown in Table 19. 
Table 19 - Allowable Height and Provided Height [2] 
Construction Type 1B Group B Group A-3 Group S-1 Group S-2 Group H-3 Provided 
Allowable Height (Table 503) 160 108 
Allowable Stories (Table 503) 11 11 11 11 6 6 
 
As seen in Table 19, the building is in compliance with the allowable height and stories as required by 
CBC Table 503. 
3.4 Atrium Fire Separation 
Since the building contains a five story atrium from Levels 2 to 6, it is required that the atrium space is 
separated from adjacent spaces by a 1 hour fire barrier in accordance with CBC 404.6 [2]. The 1 hour fire 
rated separation is shown in Figure 6 on Level 3 of the atrium, which is typical on each level. Within the 
1 hour fire separation between the atrium and the east and west wings of the building there are 
magnetically held open doors. Upon activation of the fire alarm system, the doors close to maintain the 
1 hour rated separation. 
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Figure 6 – Level 3 showing 1 hour rated fire barrier separating atrium from remainder of building [1]. 
3.5 Required Fire Resistance 
Along with the fire resistance requirements of the elements in Table 14 of this report, additional fire 
protection of building components are listed in the CBC Table 721.1(1), (2), and (3). CBC Table 721.1(1) 
states the minimum protection for structural components, Table 721.1(2) states the required fire 
resistance rating for walls and partitions, and Table 721.1(3) states the minimum protection 
requirements for floor and roof systems [2].  
3.6 Provided Construction Materials 
The construction materials used within the building for interior rated partitions, floor assemblies, roof 
assemblies, and penetrations are shown in Appendix C.  
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4.0 FIRE SUPPRESSION SYSTEM 
All information from the current system is from the plans provided by Aero Automatic Sprinkler 
Company and is provided in Appendix D. 
4.1 Water Supply 
The water supply was determined by a hydrant test conducted by the Fluid Resource Management on 
August 19, 2011. The water supply as determined by the flow test is shown in Table 20 including a 10% 
safety margin. 
Table 20- Water Supply Information [3] 
 
Flow Test Information 10% Reduction 
Static  60 psi 54 psi 
Residual 55 psi 49 psi 
Flow   914 gpm 914 gpm 
 
The point of connection to the water supply system is separated from the building by 8” underground 
PVC pipe and an 8” Wilkins model 350ADA double check assembly [4]. The manufacturer specification 
sheet is shown in Appendix E.  
4.2 Hazard Classification 
Since the building mainly consists of classrooms, laboratories, offices and storage, the occupancy 
classifications present are Light Hazard and Ordinary Hazard Group 1 (Table 21). 
Table 21- Hazard Classifications for Current System 
Description Hazard Classification NFPA 13 Reference [5] 
Classrooms, auditoriums, 
corridors, offices, 
conference rooms 
Light Hazard 5.2 
Laboratories, 
storage, mechanical, 
electrical 
Ordinary Hazard 
Group 1 
5.3.1 
 
4.3 Design Criteria 
4.3.1 Sprinkler System 
Design densities and areas of operation for different hazards are determined from NFPA 13 Exhibit 5.5 
(Figure 7). The points used for Light Hazard and Ordinary Hazard Group 1 are identified in Figure 7.  
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Figure 7- Density and area of operation curves [5]. 
Maximum spacing areas for different hazards are determined from NFPA 13 Table 8.6.2.2.1. Hose 
stream allowances (HSA) are determined from NFPA 13 Table 11.2.3.1.2. A summary of the design 
criteria for the present occupancy hazards is shown in Table 22. 
Table 22- Design Criteria for Current Sprinkler System [5] 
Hazard 
Max Area 
(ft^2) 
Density  
(gpm/ft^2) 
Operation Area  
(ft^2) 
Inside HSA 
 (gpm) 
Combined HSA 
(gpm) 
Duration  
(min) 
Light 225 0.1 1500 (912) 0 100 30 
OH Group 1 130 0.15 1500 (912) 100 250 60-90 
 
Since the sprinklers used are quick response, the area of operation is reduced without revising the 
density in accordance with NFPA 13 Section 11.2.3.2.3. The area is reduced using the following equation 
from Figure 8. 
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Figure 8 - Allowable reduction of operation area for quick response sprinklers [5]. 
𝑦 =
−3𝑥
2
+ 55 
Where:    x= ceiling height 
                   y= % reduction 
For a ceiling height of 10’-6”, the area of operation is reduced by 39.25%. This makes the minimum area 
of operation 912 square feet.  
4.3.2 Standpipe System 
All requirements for the standpipe system are from NFPA 14 for a Class I standpipe system. Section 7.8.1 
requires a minimum pressure of 100 psi and Section 7.10.1.1.1 requires a minimum flow rate of 500 gpm 
at the hydraulically most remote 2 ½ inch connection. For additional standpipes, Section 7.10.1.1.3 
requires an additional 250 gpm per standpipe. Since there are four total standpipes, the flow would be 
increased to 1250 gpm, but Section 7.10.1.1.5 states that if a building is fully sprinklered, the max flow 
rate is 1000 gpm. Section 9.2 requires a duration of 30 minutes for standpipe flow [7]. These results are 
summarized in Table 23. 
Table 23- Design Criteria for Standpipe System 
 
NFPA 14 Reference [7] 
Pressure at most  
remote outlet 100 psi 7.8.1 
Flow at most  
remote outlet 500 gpm 7.10.1.1.1 
Flow for each  
additional SP 250 gpm 7.10.1.1.3 
Max Flow 1000 gpm 7.10.1.1.5 
Duration 30 minutes 9.2 
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4.4 System Components 
4.4.1 Fire Pump 
The building contains an electric in-line fire pump located in the fire pump room on the first floor. The 
pump is a model number 6PVF10 manufactured by Peerless Pumps. The pump has an 8.24 inch impeller 
and an operating speed of 3550 RPM. The performance points of the fire pump are listed in Table 24. All 
information for the pump, including the pump curve, is in Appendix F. 
Table 24- Fire Pump Performance Points [6] 
 
Pressure (psi) Flow (gpm) 
Churn 125 0 
Design 113 750 
150% 86 1125 
 
4.4.2 Standpipe 
The building contains a standpipe system with a standpipe in each of the four stairways, including the 
two exterior stairs and the two protected interior stairs. The standpipe system is Class I in accordance 
with the requirements of NFPA 14 Section 7.3.2. Since the building is fully sprinklered, the standpipes 
are allowed a 4 inch diameter, rather than 6 inch, in accordance with NFPA 14 Section 7.6.3 [7]. 
Standpipe #4 and #5 have a 4 inch diameter while standpipe #1 and #3 have a 6 inch diameter 
(Appendix D plans for reference). The standpipes have an outlet on each floor within the stairways that 
has a 2 ½ inch hose connection with a reducer to a 1 ½ inch connection (Figure 9). 
 
Figure 9- Standpipe hose connection with 2 1/2" and 1 1/2" connections. 
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4.4.3 Risers 
The building contains six risers, each serving the sprinkler system on a single floor. The riser to the first 
floor is located in the fire pump room and has a 3 inch diameter.  The risers for the second through sixth 
floor are located in the central interior stairway. These risers come off of the standpipe in this stairway 
(Standpipe #3) and are all 2 ½ inch in diameter. 
4.4.4 Cross Mains, Branch Lines 
Locations of cross mains and branch lines as installed in the building are shown in the plans in Appendix 
D. All cross mains are 2 ½ inches in diameter, except for a 3 inch main on the first floor. Branch lines are 
mainly 1 inch in diameter, but some have a 1 ¼ inch diameter where there is higher flow. All piping in 
the building is schedule 40 black steel. 
4.4.5 Sprinklers 
All sprinklers in the building are quick response with a k factor of 5.6 and a temperature rating of 155°F. 
In the majority of the building where there is finished ceiling, there are pendent sprinklers while in areas 
such as storage and mechanical rooms there are upright sprinklers. 
4.5 Hydraulic Calculations 
4.5.1 Computer Based Calculations 
The calculations for the current sprinkler system were performed by Aero Automatic Sprinkler Company 
using Hydratec software.  The calculations include eight remote areas: two on the first floor, two on the 
third floor, and four on the sixth floor. A summary of the hydraulic calculations of these remote areas is 
shown in Table 25. 
Table 25- Summary of Computer Based Hydraulic Calculations for Current System [6] 
First Floor 
Area 1-1 
Occupancy Lecture 
Hazard Light Hazard 
Density 0.10 GPM/Sq Ft 
Area of Operation 1520 Sq Ft 
Area Per Head 168 Sq Ft 
Hose Stream Allowance 100 GPM inside 
PSI Req. at BOR 126.6 
GPM Req. at BOR 250.6 
PSI Req. at Source 7.27 
GPM Req. at Source 350.6 
PSI Available at Source 53.15 
PSI Safety Factor 45.88 
 
Area 1-2 
Occupancy Lecture 
Hazard Light Hazard 
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Density 0.10 GPM/ Sq Ft 
Area of Operation 1575 Sq Ft 
Area Per Head 163 Sq Ft 
Hose Stream Allowance 100 GPM inside 
PSI Req. at BOR 162.2 
GPM Req. at BOR 328.4 
PSI Req. at Source 45.59 
GPM Req. at Source 428.4 
PSI Available at Source 52.76 
PSI Safety Factor 7.17 
Third Floor 
Area 3-1 
Occupancy Lab 
Hazard Ordinary Hazard Group 1 
Density 0.15 GPM/Sq Ft 
Area of Operation 967 Sq Ft 
Area Per Head 130 Sq Ft 
Hose Stream Allowance 100 GPM inside, 150 GPM outside 
PSI Req. at BOR 102.61 
GPM Req. at BOR 252.75 
PSI Req. at Source -0.88 
GPM Req. at Source 502.75 
PSI Available at Source 52.35 
PSI Safety Factor 53.23 
  
Area 3-2 
Occupancy Lab 
Hazard Ordinary Hazard Group 1 
Density 0.15 GPM/Sq Ft 
Area of Operation 1135 Sq Ft 
Area Per Head 130 Sq Ft 
Hose Stream Allowance 100 GPM inside, 150 GPM outside 
PSI Req. at BOR 107.33 
GPM Req. at BOR 233.54 
PSI Req. at Source 3.22 
GPM Req. at Source 483.54 
PSI Available at Source 52.45 
PSI Safety Factor 49.23 
Sixth Floor 
Area 6-1 
Occupancy Lab 
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Hazard Ordinary Hazard Group 1 
Density 0.15 GPM/Sq Ft 
Area of Operation 940 Sq Ft 
Area Per Head 130 Sq Ft 
Hose Stream Allowance 100 GPM inside, 150 GPM outside 
PSI Req. at BOR 95.47 
GPM Req. at BOR 233.16 
PSI Req. at Source 12.35 
GPM Req. at Source 483.15 
PSI Available at Source 54.35 
PSI Safety Factor 40.1 
 
Area 6-2 
Occupancy Corridor 
Hazard Light Hazard 
Density 0.10 GPM/Sq Ft 
Area of Operation 5 Heads 
Area Per Head 225 Sq Ft 
Hose Stream Allowance 100 GPM inside 
PSI Req. at BOR 34.5 
GPM Req. at BOR 113.1 
PSI Req. at Source -51.52 
GPM Req. at Source 213.09 
PSI Available at Source 53.58 
PSI Safety Factor 105.1 
  
Area 6-3 
Occupancy Lab 
Hazard Ordinary Hazard Group 1 
Density 0.15 GPM/Sq Ft 
Area of Operation 920 Sq Ft 
Area Per Head 130 Sq Ft 
Hose Stream Allowance 100 GPM inside, 150 GPM outside 
PSI Req. at BOR 108.4 
GPM Req. at BOR 273.4 
PSI Req. at Source 26.71 
GPM Req. at Source 523.4 
PSI Available at Source 52.11 
PSI Safety Factor 25.4 
 Area 6-4 
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Occupancy Office/Lobby 
Hazard Light Hazard 
Density 0.10 GPM/Sq Ft 
Area of Operation 1567 Sq Ft 
Area Per Head 210 Sq Ft 
Hose Stream Allowance 100 GPM inside 
PSI Req. at BOR 116.86 
GPM Req. at BOR 347.3 
PSI Req. at Source 39.09 
GPM Req. at Source 447.3 
PSI Available at Source 52.66 
PSI Safety Factor 13.57 
 
 
4.5.2 Hand Calculations 
Hand calculations were performed in order to compare results with the computer based calculations. 
Due to the size of the building and number of calculations required, hand calculations were only 
performed on remote area 6-3 on the sixth floor. This remote area contains twelve sprinklers along 
three branchlines and is Ordinary Hazard Group 1. These calculations are shown in Appendix G. 
 
Figure 10 – Remote area location on Level 6 [3]. 
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The calculations were performed starting at the most remote sprinkler, Node S631 (Appendix D). The 
flow at this sprinkler was determined to be 19.5 gpm based on the density of 0.15 gpm/ft2 and area per 
sprinkler of 130 ft2. The pressure was determined to be 12.125 psi at this sprinkler by using the k factor 
of 5.6 and the calculated flow. From this sprinkler, the hydraulic calculations were performed back to 
the base of the riser (BOR) and the source. All of the piping within the building is schedule 40 steel with 
a coefficient of 120 for the Hazen-Williams equation.  The equivalent length of all fittings for schedule 40 
steel pipe were used from NFPA 13 Table 23.4.3.11 [5]. The inside hose stream allowance of 100 gpm 
was added at the standpipe connection inside the building on the sixth floor and the outside allowance 
of 150 gpm was added at the source. Between the BOR and the source, the path of the water passes 
through the pump room. Based on the flow at the pump outlet, the head from the pump is subtracted 
during the calculations (Fire pump curve in Appendix F). There is also an 8” Wilkins model 350ADA 
double check assembly outside of the building before the source. This results in a fixed pressure loss 
based on the flow as determined by the manufacturer information in Appendix E. The summarized 
results of the hand calculations compared with the computer based calculations for the same remote 
area are compared in Table 26. 
Table 26- Comparison of Hand Calculations and Computer Based Calculations 
 
Hand Calculation Computer Based Calculation [6] 
PSI Req. at BOR 98.4 108.4 
GPM Req. at BOR 273.6 273.4 
PSI Req. at Source 21.2 26.7 
GPM Req. at Source 523.6 523.4 
PSI Available at Source 52.1 52.1 
PSI Safety Factor 30.9 25.4 
 
The results of both calculations were similar with a 5.5 psi difference in demand and 0.2 GPM difference 
at the source. There were several discrepancies between the hand calculations and the computer 
calculations. First, the computer calculations used a different equivalent length for elbows than that 
listed in NFPA 13 Table 23.4.3.11. Also, for the 8” underground PVC pipe, the computer calculations 
used a C factor of 140 while for the hand calculations, a C factor of 150 was used based on NFPA 13 
Table 23.4.4.7.1. This would create a difference in the amount of pressure loss in this pipe as well as the 
equivalent length of fittings for these pipes since a different C factor multiplier is used from NFPA 13 
Table 23.4.3.2.1. The computer calculations also included the two elbows on either side of the backflow 
preventer and the pipe between them as 8” PVC pipe. This pipe and these fittings should have been 
calculated as 8” steel pipe and was done this way in the hand calculations.  
Other than these differences, the calculations came out very close and the system has a large safety 
factor, mainly due to the presence of the fire pump. For this area, the system supply exceeds the 
demand, as seen in Figure 11, the pressure vs. flow curve for the computer based calculations. 
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Figure 11 - Pressure vs. flow curve for remote area 6-3 showing supply and demand curves [6]. 
4.5.3 Standpipe Calculations 
The standpipe system must also be hydraulically calculated following the requirements from Table 23. 
These calculations have been performed by Aero Automatic Sprinkler Company as shown in Table 27. 
Table 27- Summary of Standpipe Calculations [6] 
Standpipe #1 
Occupancy Light/ OH 
Flow at Top Outlet 500 GPM 
Pressure at Top Outlet 100 psi 
Flow for Additional SP 500 GPM 
Total SP Flow 1000 GPM 
PSI Required at Pump Discharge 144.08 
GPM Required at Pump Discharge 1000 
PSI Required at Source 47.18 
GPM Required at Source 1000 
PSI Available at Source 48.09 
Total PSI Safety Factor 0.91 
Standpipe #4 
Occupancy Light/OH 
Flow at Top Outlet 5000 GPM 
Pressure at Top Outlet 100 psi 
Flow for Additional SP 500 GPM 
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Total SP Flow 1000 GPM 
PSI Required at Pump Discharge 144.08 
GPM Required at Pump Discharge 1000 
PSI Required at Source 45.85 
GPM Required at Source 1000 
PSI Available at Source 48.09 
Total PSI Safety Factor 2.24 
Standpipe #5 
Occupancy Light/OH 
Flow at Top Outlet 500 GPM 
Pressure at Top Outlet 100 psi 
Flow for Additional SP 500 GPM 
Total SP Flow 1000 GPM 
PSI Required at Pump Discharge 143.7 
GPM Required at Pump Discharge 1000 
PSI Required at Source 46.8 
GPM Required at Source 1000 
PSI Available at Source 48.08 
Total PSI Safety Factor 1.26 
As can be seen from these results, the safety factor is much smaller than those from the sprinkler 
system hydraulic calculations. This shows that the standpipe system has a much higher demand and the 
fire pump is most likely sized to account for this, rather than the sprinkler system.  
4.6 Inspection, Testing, and Maintenance 
The inspection, testing, and maintenance requirements come from NFPA 25 Standards for the 
Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems. The type of procedure 
for each component, as well as the frequency it must be performed, are shown in Table 28. 
Table 28- Inspection, Testing, and Maintenance Requirements and Frequency [8] 
Component Inspection Frequency Testing Frequency Maintenance 
Sprinklers 
Check for corrosion, 
loading, foreign 
materials, paint,  
physical damage, 
proper orientation, and 
obstructions. Replace 
any violations. Annually 
Sprinklers in service for 
50 years shall be tested by a 
recognized testing lab. A 
sample of 1% but not less than 
4 sprinklers shall be tested. If 
any fail, all sprinklers 
represented by sample must 
be replaced 10 years 
Replacement sprinklers 
shall have 
the same characteristics 
as installed  
sprinklers and shall be 
new and listed 
Spare Sprinklers 
Proper number of 
sprinklers and a 
sprinkler wrench for 
each type of sprinkler Annually 
  
Cabinet must be located 
so not exposed 
to dust, corrosion, or 
100F.  
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Pipe and Fittings 
In good condition, free 
of mechanical damage, 
leakage, corrosion, 
misalignment,  
and external loading. Annually 
   
Hangers and 
Braces 
Not damaged or loose 
or else replaced or 
refastened Annually 
   
Gauges 
Ensure good condition 
and that normal supply 
pressure 
is being maintained Monthly 
Replaced or tested by 
comparison with a calibrated 
gauge. Must be within 3% of 
full scale or replaced. 5 years 
 
Alarm Devices 
Free of physical 
damage Quarterly 
Done by opening inspector's 
test valve and recording time 
until alarm sounds Quarterly 
 
Hydraulic 
Nameplate 
Attached securely to 
sprinkler riser and is 
legible Quarterly 
   
Hose Connections 
Hose, hose couplings, 
and nozzles connected 
to the sprinkler system 
shall be inspected Annually 
Tested 5 years after 
installation following NFPA 
1962. After service test, each 
shall be flow tested to 
ensure water discharge and 
operation of water flow alarm 3 years 
Clean and dry all hoses 
connected to sprinkler 
system after use. If 
exposed to hazardous 
materials, dispose 
or decontaminate. 
Control Valves 
Ensure in normal open 
or closed position, 
sealed or locked, 
accessible, provided 
with appropriate 
wrenches, free 
from leaks, and has 
proper identification Weekly 
Operated through full range 
and returned to normal 
position. Post indicator valves 
shall be opened until torsion 
felt, then backed a  
quarter turn from open 
position Annually 
Operating stems shall be 
lubricated annually then 
completely closed 
and reopened. 
Check Valves 
Inspected internally to 
verify all components 
operate properly, 
move freely, and are in 
good condition 5 years 
  
Internal components 
shall be cleaned, 
repaired or replaced as 
necessary 
Fire Department 
Connections 
Verify FDC is visible and 
accessible, no damage, 
caps and gaskets are 
in place, ID signs are in 
place, check valve no 
leaking and 
drain valve is operating Quarterly 
  
Components shall be 
repaired or 
replaced as necessary. 
Any obstructions 
present shall be 
removed 
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4.7 Alternate Fire Suppression System 
An alternate design was done for the building using AutoSprink software. This design contained different 
hazard classifications and design criteria as described below. 
4.7.1 Occupancy Classification 
The hazard classifications for each type of room in the building are listed in Table 29. 
Table 29- Occupancy Classifications for AutoSprink Designed System 
Description Hazard Classification NFPA 13 Reference [5] 
Classrooms, auditoriums, 
corridors, offices, 
conference rooms 
Light Hazard 5.2 
Laboratories, 
storage, mechanical, 
electrical 
Ordinary Hazard 
Group 2 
5.3.2 
 
This design classifies laboratories, storage space, mechanical and electrical rooms as Ordinary Hazard 
Group 2 as opposed to the current classification of Ordinary Hazard Group 1. This is more appropriate 
because these spaces more closely resemble the uses listed in NFPA 13 Section 5.3.2 Ordinary Hazard 
(Group 2) than those listed in NFPA 13 Section 5.3.1 Ordinary Hazard (Group 1).  Occupancy 
classifications by floor are shown in the plans in Appendix H. 
4.7.2 Design Criteria 
The design criteria for the alternate design are shown in Table 30. The only difference between Table 30 
and the design criteria for the current system is the higher density required for Ordinary Hazard Group 
2. 
Table 30- Design Criteria for AutoSprink Designed System [5] 
Hazard 
Max Area 
(ft^2) 
Density  
(gpm/ft^2) 
Operation Area  
(ft^2) 
Inside HSA 
 (gpm) 
Combined HSA 
(gpm) 
Duration  
(min) 
Light 225 0.1 1500 0 100 30 
OH Group 2 130 0.2 1500 100 250 60-90 
 
4.7.3 Sprinkler System Design and Layout 
Using AutoSprink software, a sprinkler system layout was designed for the building and is shown in 
Appendix I. The plans in Appendix I display sprinkler system layouts for each individual floor, but does 
not represent a complete design due to the following simplifications. All sprinklers were assumed to be 
pendent and at a height of 10’-6”. This would not be the case for areas without finished ceiling, but was 
done for simplicity. All piping was laid out assuming no obstructions, which would not be true due to air 
ducts, cable trays, and structural members. The standpipe system was not modeled using AutoSprink 
and can be assumed to follow the same layout as the current system. Also, the first floor does not show 
the fire pump room or the point of connection to the underground piping. In the plans in Appendix I, the 
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sprinkler system on each floor terminates at the riser for that floor and the floors are not 
interconnected. This design can still be used for the layout of the sprinkler system and for performing 
hydraulic calculations on each floor. 
The sprinkler system was designed in AutoSprink using the following criteria. System risers were placed 
in the same locations as the current design and were assumed to be 2 ½” inches. All cross mains, branch 
lines and sprinklers were at constant heights. In the model, cross mains range from 2 ½” to 3” and 
branch lines are 1 ¼”. The sprinklers were spaced with a maximum area of 225 square feet in Light 
Hazard areas and 130 feet in Ordinary Hazard Group 2 areas. All piping has a C factor of 120 and all 
sprinklers have a K factor of 5.6.  
4.7.4 Hydraulic Calculations 
Using the sprinkler system layout in AutoSprink, hydraulic calculations were performed in the software. 
A remote area on Level 3, Remote Area 3-2 on the as-built plans in Appendix D, was used for the 
hydraulic calculations. This remote area contains ten sprinklers in a lab area and is Ordinary Hazard 
Group 1 in the current design, but Ordinary Hazard Group 2 in the Autosprink design. The node analysis 
and hydraulic calculations are shown in Appendix J. This system had a different demand at the base of 
the riser than the currently installed system, as shown in Table 31. 
Table 31- Comparison of Demand for AutoSprink System and Current System 
 
AutoSprink System Current System 
PSI Required at BOR 82.4 107.3 
GPM Required at BOR 248.0 233.5 
 
These differences are due mainly to the different elevations and diameters of the cross mains and 
branch lines as well as a different layout. The AutoSprink System has a greater flow demand because a 
density of 0.2 gpm/ft2 was used for Ordinary Hazard Group 2 rather than 0.15 gpm/ft2 for ordinary 
hazard group 1 that was used for the current system. The pressure demand is most likely lower for the 
AutoSprink system because the branchlines are all 1 ¼” while the current system has 1” – 1 ¼” 
branchlines. Assuming the same piping layout and pump is used in both systems between the base of 
the riser and the source, the demand of the AutoSprink designed system will meet the requirements of 
the supply.  
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5.0 FIRE ALARM SYSTEM 
5.1 Type of Fire Alarm System 
The fire alarm as-built plans can be seen in Appendix K. The building contains a Class B, addressable, 
manual fire alarm system. As defined by NFPA 72 Section 12.3.2, a Class B pathway performs as follows 
[9]: 
1) Does not include a redundant path 
2) Operational capability stops at a single open 
3) Conditions that affect the intended operation of the path are annunciated as a trouble signal 
4) Operational capabilities are maintained in the application of a single ground fault 
5) A single ground condition shall result in the annunciation of a trouble signal 
As defined by NFPA 72 Section 3.3.8, an addressable device is one with discrete identification that can 
have its status individually identified or that is used to individually control other functions [9]. With an 
addressable system, the name, location, and type of alarm are annunciated at the control panel in order 
to assist firefighters upon arrival to a fire situation, or for personnel fixing an issue with the system.  
Because the building is completely sprinklered, complete automatic coverage by the fire alarm system is 
not required, so the installed system is a manual, partial area coverage system. This means that there is 
not complete coverage by smoke detection due to the presence of sprinklers as heat detectors, but the 
building does contain manual pull stations at each exit from the building.  
Since the building contains an atrium between the second and sixth floors, there is a smoke control 
system installed in the building. The smoke control system contains beam smoke detectors installed 
throughout the atrium as well as a firefighter smoke control panel in the fire control room and vents to 
the exterior located at the ceiling of the atrium. The smoke control system will not be described in detail 
in this report, but will be addressed in a future report.  
5.2 Fire Alarm Control Panel 
The fire alarm control panel is located on the first floor of the building in the fire control room (Figure 
12).  
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Figure 12 - Plan view of fire alarm control panel in fire control center on first floor of building [10]. 
The panel is manufactured by Honeywell Notifier and has a model number NFS-640 (Figure 13).   
 
Figure 13 - Honeywell Notifier fire alarm control panel. 
In the fire control room there is also a firefighter smoke control panel for control of the smoke control 
system in the atrium (Figure 14). 
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Figure 14 - Firefighter's smoke control panel located in fire control room. 
5.3 Operating Characteristics 
The operating characteristics of the fire alarm system are all determined from the sequence of 
operations matrix, which can be found in Appendix K. The following sections summarize some important 
operating characteristics of the fire alarm system including disposition of alarm, supervisory, and trouble 
signals. The sequence of operations matrix also indicates what events will result in air handling units 
being shut down, activation of smoke/fire dampers, release of magnetic door holders, and elevator 
recall. Other important information in the sequence of operations matrix includes the operation of the 
smoke control system, which will be discussed in a later report. 
5.3.1 Alarm Signal 
The following events will lead to an alarm signal and activation of the fire alarm system throughout the 
entire building: 
 Manual pull station activation 
 Spot smoke detector activation 
 Duct smoke detector activation 
 Sprinkler water flow activation 
 Fire pump running 
 Atrium smoke control system alarm 
 Beam smoke detector activation 
5.3.2 Supervisory Signal 
The following events will result in a supervisory signal at the fire alarm control panel: 
 Sprinkler tamper switch 
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 Fire pump loss of phase 
 Fire pump phase reversal 
 Shunt trip power supervision 
5.3.3 Trouble Signal 
The following events will result in a trouble signal at the fire alarm control panel: 
 Panel trouble condition  
 AC power failure 
 Low battery 
 Open circuit 
 Ground fault 
5.4 Initiating Devices 
The following devices are present in the building and shown in the plans in Appendix K.  
5.4.1 Manual Pull Stations 
There are a total of 30 manual pull stations present throughout the building near all exit locations 
(Figure 15). 
 
Figure 15 - Plan view symbol and photo of manual pull boxes within building. 
According to NFPA 72 Section 17.14.8.4, manual fire alarm boxes shall be within 5 feet of each exit 
doorway on each floor. As seen on the plans in Appendix K, all exit doors to the exterior and to stairways 
are in compliance with this requirement. 
5.4.2 Smoke Detectors 
5.4.2.1 Spot-Type Smoke Detectors 
The building does not contain complete automatic coverage of spot-type smoke detectors because it is 
completely sprinklered. However, there are 30 photoelectric smoke detectors in place in certain 
locations such as electrical rooms, elevator lobbies, and at magnetically held doors at the perimeter of 
the atrium. The spot smoke detectors are Notifier FSP-851(A) photoelectric smoke detectors as shown in 
the manufacturer specification sheet in Appendix L [11]. 
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Figure 16 - Plan symbol of smoke detector. 
Although not located throughout the building, the location and spacing of spot type smoke detectors 
must follow the requirements of NFPA 72 Section 17.7.3.2.3.1 (1) or (2) as follows. 
1) The distance between smoke detectors shall not exceed a nominal spacing of 30 feet and there 
shall be detectors within a distance of one half the nominal spacing, measured at right angles 
from all walls or partitions extending upward to within the top 15 percent of the ceiling height. 
2) All points on the ceiling shall have a detector within a distance equal to or less than 0.7 times 
the nominal 30 foot spacing. 
Following these requirements, floor plans showing complete area coverage with spot type smoke 
detectors are shown in Appendix M. 
5.4.2.2 Elevator Lobbies 
As required by NFPA 72 Section 21.3.5, lobby smoke detectors are required to be installed within 21 feet 
of the centerline of each elevator door. The building contains an elevator between the first and second 
floor, as well as two elevators between the second and sixth floor located within the atrium. The 
building is in compliance with this requirement because all elevators contain a photoelectric smoke 
detector within the required distance (Figure 17). 
 
Figure 17 - Photo of elevator lobby smoke detector and plan view [10]. 
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5.4.2.3 Magnetic Doors 
At the east and west ends of the atrium on each floor, there are magnetically held open doors leading to 
the classroom corridors. Since the doors are in fire walls that surround the atrium, they must be fire 
rated and are required to be closed when a fire is detected. For this reason, at each door there is a 
photoelectric smoke detector that will release the magnetically held open door upon activation (Figure 
18 
 
Figure 18 - Photo of magnetic door smoke detector and plan view [10]. 
5.4.2.4 Duct Detectors 
The building contains 62 photoelectric duct detectors as located in the plans in Appendix K. All duct 
detectors must be installed in accordance with the requirements of NFPA 72 Section 17.7.5.5 Locations 
and Installation of Detectors in Air Duct Systems. Activation of duct smoke detectors shut down the 
associated air handling unit and close associated fire/smoke dampers if located in a duct penetrating a 
fire wall as indicated by the sequence of operations of the fire alarm system. 
 
Figure 19 - Plan symbol of duct smoke detector. 
5.4.2.5 Beam Detectors 
There are eleven beam detector imagers and receivers located in the atrium of the building between the 
second and sixth floors. Beam detectors are located on each floor of the atrium from the second floor 
up to the fifth floor (Figure 20). 
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Figure 20 - Plan symbol of beam detector receiver, imager, and photo of beam detectors in atrium. 
Beam detectors must be installed in accordance with NFPA 72 Section 17.7.3.7 Projected Beam-Type 
Smoke Detectors. The beam detectors are open-area smoke imaging detectors (OSID) manufactured by 
Xtralis as shown in the manufacturer specification sheet shown in Appendix N. The beam detectors are 
used to activate the smoke control system within the atrium, which will be discussed in more detail in 
the performance based analysis. 
5.4.3 Sprinklers 
The building is fully sprinklered, as discussed in detail in a previous report. All sprinklers within the 
building have an activation temperature of 155°F and are quick response. Activation of a sprinkler will 
activate the fire alarm system once water begins to flow and a sprinkler flow switch is triggered. For this 
reason sprinklers are considered initiating devices, although not necessarily being components of the 
fire alarm system.  
5.5 Notification Devices 
5.5.1 Visible Notification Devices 
The visible notification devices present in the building are strobes and speaker/strobe combos (Figure 
21).  
 
Figure 21 - Plan symbol of speaker/strobe, strobe and photo of strobe from building. 
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Speaker/strobes are typically installed throughout the corridors and in all of the classrooms. Within the 
building, there are 66 visible only strobes that are typically located in small rooms, such as restrooms, 
and also in rooms containing speaker/strobes that do not meet the visible requirements.  
5.5.1.1 Location and Spacing Requirements 
All wall mounted devices must be not less than 80 inches and not greater than 96 inches above the 
finished floor in accordance with Section 18.5.5 of NFPA 72. Visible appliances must be spaced in rooms 
following the requirements of either Table 18.5.5.4.1(a) for wall mounted appliances or Table 
18.5.5.4.1(b) for ceiling mounted devices. By inspection, the location and spacing of devices in rooms 
appears to meet the requirements of NFPA 72. For example, the following large classroom will be 
analyzed (Figure 22). 
 
Figure 22 - Plan view of classroom showing adequate coverage for visible notification devices [10]. 
This room has dimensions of approximately 25 feet by 41 feet and contains one wall mounted 
speaker/strobe rated at 135 candella. From Table 18.5.5.4.1(a), for one 135 candella light in a room, the 
maximum room size can be 60 feet by 60 feet. Since the room is non-square, a square size of 60 feet by 
60 feet allows the entire room to be encompassed, as required by NFPA 72 Section 18.5.5.4.5, so the 
room is in compliance with the code.  
For spacing of visible notification devices in corridors, the requirements of NFPA 72 Section 18.5.5.5 
must be met. This section states that for corridors 20 feet or less in width, visible notification appliances 
shall be located not more than 15 feet from the end of the corridor with a separation not greater than 
100 feet between appliances. All corridors in the building meet this requirement, with an example seen 
in Figure 23. 
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Figure 23 - Plan view of corridor showing adequate spacing of visible notification devices [10]. 
In this corridor, there is a device at the end of the corridor, with the next visible device separated 
approximately 85 feet from the first device. From this analysis, all visible notification devices within the 
building are spaced properly and meet the requirements of the code. 
5.5.2 Audible Notification Devices 
The audible notification devices present in the building are bells, speakers, and speaker/strobes (Figure 
24). 
 
Figure 24 - Plan symbol of speaker, speaker/strobe, and photo of speaker/strobe from building. 
Throughout the building there are a total of 172 speakers and 1 bell. The bell is located outside of the 
fire pump room on the exterior of the building (Figure 25). 
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Figure 25 - Plan view of bell located outside fire pump room [10]. 
Combination speaker and strobe devices are installed in normally occupied spaces, such as corridors and 
classrooms. Audible only devices are installed in normally unoccupied areas, such as mechanical rooms 
as well as on the exterior of the building. The devices installed on the exterior of the building are 
weatherproof and are located on the terraces on the upper stories of the building as well as on the 
exterior of the building near exits (Figure 26). 
 
Figure 26 - Photo and plan view of weatherproof audible device on terrace [10]. 
5.5.2.1 Location and Spacing Requirements 
Wall mounted audible devices must meet the same requirements of NFPA 72 Section 18.5.5 which 
states all wall mounted devices must be not less than 80 inches and not greater than 96 inches above 
the finished floor. Audible devices must be spaced in order to meet the requirements of NFPA 72 
Section 18.4.3.1, which says for public mode signals the sound level should be at least 15 dBA above the 
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average ambient sound level or 5 dBA above the maximum sound level having a duration of at least 60 
seconds, whichever is greater, measured at 5 feet above the floor. According to Table A.18.4.3, the 
average ambient sound level for an educational occupancy is 45 dBA [9]. Since the building contains a 
large number of classrooms and classes typically start and end at the same time, there can be large 
numbers of people in the corridors at one time. For this reason, it would be more appropriate to 
measure a maximum sound level, since this would most likely be greater than 45 dBA and last more than 
60 seconds at times in between classes. 
5.6 Power Supply 
The fire alarm system contains a secondary power supply at the fire alarm control panel consisting of 
batteries with a capacity of 55 amp-hours. In accordance with NFPA 72 Section 10.6.7.2.1 (2), the 
secondary power supply for an in building fire emergency voice/alarm communications service shall be 
capable of operating under standby for 24 hours and in alarm for 15 minutes at maximum load [9]. In 
order to show that the provided secondary power supply of 55 amp-hours is adequate, calculations 
were performed for all of the devices on the first floor connected to the fire alarm control panel (Table 
32). 
Table 32-Battery calculations for all devices connected to fire alarm control panel on first floor 
Item Quantity 
Standby 
Current 
(Amps) 
Total Standby 
Current 
Alarm 
Current 
(Amps) 
Total Alarm 
Current 
Fire Alarm Control Unit 1 0.2850 0.2850 0.2850 0.2850 
Universal Dialer 1 0.0400 0.0400 0.1000 0.1000 
Remote Annunciator 2 0.0643 0.1286 0.0643 0.1286 
Power Supply Amp 1 0.0000 0.0000 0.0250 0.0250 
Beam Smoke Emitter 10 0.0035 0.0350 0.0035 0.0350 
Beam Smoke Imager 10 0.0310 0.3100 0.0310 0.3100 
Manual Pull 29 0.0004 0.0116 0.0004 0.0116 
Relay Module 9 0.0017 0.0153 0.0022 0.0198 
Smoke Detector 16 0.0003 0.0048 0.0003 0.0048 
Dual Monitor Module 18 0.0008 0.0144 0.0064 0.1152 
Speaker Only 3 0.0000 0.0000 0.0008 0.0024 
Strobe Only 15CD 7 0.0000 0.0000 0.0660 0.4620 
Strobe Only 30CD 6 0.0000 0.0000 0.0940 0.5640 
Strobe Only 75CD 2 0.0000 0.0000 0.1580 0.3160 
Fire Fighter Phone Jack 12 0.0075 0.0900 0.0075 0.0900 
Six Relay Control Module 1 0.0015 0.0015 0.0320 0.0320 
10-input Monitor Module 1 0.0035 0.0035 0.0550 0.0550 
Speaker Strobe 15CD 3 0.0000 0.0000 0.0710 0.2130 
Speaker Strobe 30CD 14 0.0000 0.0000 0.0960 1.3440 
Speaker Strobe 75CD 14 0.0000 0.0000 0.1530 2.1420 
Speaker Strobe 95CD 3 0.0000 0.0000 0.1760 0.5280 
Speaker Strobe 115CD 16 0.0000 0.0000 0.2050 3.2800 
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Monitor Module 19 0.0037 0.0703 0.0037 0.0703 
Dual Relay/Monitor Module 64 0.0013 0.0832 0.0240 1.5360 
Duct Smoke Detector 64 0.0003 0.0192 0.0003 0.0192 
    
Total System 
Standby  
Current (Amps) 
1.1124 
Total System  
Alarm 
Current 
(Amps) 
11.6889 
 
From these calculations, the total system standby current was found to be 1.1124 amps and the total 
system alarm current was 11.6889 amps. Applying the time requirements of NFPA 72 Section 
10.6.7.2.1(2), the total capacity required in amp-hours can be calculated (Table 33). 
Table 33-Required standby and alarm capacity calculations [9] 
Required Standby 
Time  
(Hours) 
Total System 
Standby Current 
(Amps) 
Required Standby 
Capacity 
(Amp-Hours) 
Required 
Alarm Time 
(Hours) 
Total System 
Alarm Current 
(Amps) 
Required 
Alarm 
Capacity 
(Amp-Hours) 
24 1.1124 26.6976 0.25 11.6889 2.9222 
 
After applying the 20% safety margin as required by NFPA 72 Section 10.6.7.2.1(1), the total capacity 
required by the fire alarm system on the first floor of the building is found to be 35.5438 amp-hours, 
which is well below the provided capacity of 55 amp-hours (Table 34). 
Table 34-Battery calculations showing available spare capacity [9] 
Required Standby Capacity (Amp-Hours) 26.6976 
Required Alarm Capacity (Amp-Hours) 2.9222 
Total Capacity (Amp-Hours) 29.6198 
Capacity with 20% Safety Margin (Amp-Hours) 35.5438 
Provided Capacity (Amp-Hours) 55 
Available Spare Capacity (Amp-Hours) 19.4562 
 
Since the provided capacity is much greater than the required capacity, the secondary power supply is 
adequate for this fire alarm system. 
5.7 Mass Notification System 
The building does not contain a mass notification system (MNS), but does contain an in-building fire 
emergency voice/alarm communication system (EVACS). As defined in NFPA 72, an in-building mass 
notification system is a system used to provide information and instructions to people in a building or 
other space using intelligible voice communications and including visible signals, text, graphics, tactile, 
or other communication methods. An in-building fire emergency voice/alarm communication system is 
defined in NFPA 72 as dedicated manual or automatic equipment for originating and distributing voice 
instructions, as well as alert and evacuation signals pertaining to a fire emergency, to the occupants of 
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the building [9]. The main difference between the two types of systems is that MNS can be used over 
the fire alarm system in order to issue different messages not related to fire emergencies. According to 
NFPA 72 Section 24.4.1, EVACS is used mainly in high rise buildings or large building where a total 
evacuation of the building would not be practical or desirable on every alarm. For this reason, the 
system can be used to tell certain occupants of the building to remain in place while other occupants are 
told to evacuate in order to limit the number of occupants in the means of egress. This allows occupants 
in direct threat of the fire to evacuate quicker while occupants in areas of the building not affected by 
the fire will not have to evacuate when there is an alarm. 
5.8 Inspection, Testing, Maintenance Requirements 
The requirements for inspection, testing, and maintenance for fire alarm systems and components are 
found in Section 14 of NFPA 72. Inspection and testing requirements relate to initial and reacceptance 
inspection and testing as well as periodic inspection and testing. According to NFPA Section 14.2.1, the 
purpose of initial inspection and testing is to ensure compliance with design documents and ensure 
proper installation and operation. The purpose of periodic inspection and testing is to identify obvious 
damage or changes to the system that will affect performance and assure operational reliability. 
According to Section 14.2.3, the property or building owner or the owner’s designated representative 
shall be responsible for inspection, testing, and maintenance of the system as well as alterations or 
additions to the system [9]. 
5.8.1 Inspection 
Inspection requirements and frequencies for the devices and components present in the building are 
listed in Table 35. All requirements are from NFPA 72 Table 14.3.1 [9]. 
5.8.2 Testing 
According to NFPA 72 Section 14.4.1, all new systems must be inspected and tested. Changes to systems 
require reacceptance testing in accordance with NFPA 72 Section 14.4.2. The testing frequencies of 
devices and components of the fire alarm system that are present in the building are shown in Table 35. 
All requirements are form NFPA 72 Table 14.4.3.2, which also lists the methods for testing each 
component. 
Table 35-Inspection and testing frequency requirements for fire alarm system components [9] 
Component Inspection Frequency Testing Frequency 
Primary power supply Annually Annually 
Trouble signals Semiannually Annually 
Digital alarm  
communicator transmitter 
Annually Annually 
In-building emergency voice/alarm  
communication equipment 
Semiannual  
Batteries Monthly/Semiannual Annually/Semiannually 
Duct detectors Semiannually Annually 
Electromechanical releasing devices Semiannually Annually 
Manual fire alarm boxes Semiannually Annually 
Smoke detectors Semiannually Annually 
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Beam smoke detectors Semiannually Annually 
Supervisory signal devices Quarterly Annually 
Waterflow devices Quarterly Semiannually 
Audible notification appliances Semiannually Annually 
Visible notification devices Semiannually Annually 
 
5.8.3 Maintenance 
Maintenance requirements for fire alarm systems and components are listed in NFPA 72 Section 14.5. 
This section states that fire alarm system equipment shall be maintained in accordance with the 
manufacturer’s published instructions at a frequency depending on the type of equipment and the local 
ambient conditions. A record of inspection, testing, and maintenance must be kept following the 
requirements of Section 7.8.2 of NFPA 72 [9]. 
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6.0 PERFORMANCE BASED ANALYSIS 
6.1 Introduction 
The CSM contains a five story atrium on Levels 2 through 6 separating the east and west wings of the 
building (Figure 27). The openings between each level on the north and south side of the atrium are 
highlighted in Figure 27. Within the north opening, there is an unprotected staircase while the south 
opening is completely open from Level 2 to Level 6. Photographs of each opening from Level 2 are 
shown in Figure 28. 
 
Figure 27 - Plan view of atrium with openings between floors highlighted [1]. 
            
Figure 28 - Photographs of the south (left) and north (right) openings of the atrium. 
6.1.1 Existing Natural Ventilation Smoke Control System 
The atrium contains a natural ventilation smoke control system that consists of exhaust and makeup 
vents as well as controls from the notification devices of the fire alarm system. 
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6.1.1.1 Ventilation Components 
At the ceiling above the north and south openings within the atrium, there are smoke reservoirs as 
shown in Figure 29. 
 
Figure 29 - Elevation view of smoke reservoirs with exhaust vents at the top of the atrium [1]. 
 In each reservoir, there are two 50 square foot exhaust vents for a total of four 50 square foot exhaust 
vents. The plan view of the vents in the smoke reservoirs is shown in Figure 30.  
 
Figure 30 - Plan view of two 50 square foot exhaust vents at the top of the atrium [1]. 
In addition to the exhaust vents, the smoke control system also provides makeup air from the north and 
south doors to the exterior on Level 2. These doors open when the smoke control system is activated to 
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provide fresh air from the exterior of the building as makeup air. The doors are 133.5 square feet each 
and located as shown in Figure 31. 
 
Figure 31 - Location of makeup air vents on Level 2 of the atrium [1]. 
6.1.1..2 Initiating Devices 
Within the atrium, there are beam detectors, spot smoke detectors, sprinklers, and manual pull stations 
that can all activate the fire alarm system and the smoke control system. Any fire in one of the open 
areas of the atrium will most likely be detected by the beam detectors first. The typical locations of the 
beam transmitters and receivers on each level of the atrium are shown in Figure 32. 
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Figure 32 - Location of beam detectors on Level 4 of the atrium [10]. 
         
In addition to the beam detectors, there are also spot smoke detectors located at the magnetic doors 
within the 1 hour fire rated atrium separation and at the elevators within the atrium, as shown in Figure 
33. 
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Figure 33 - Location of spot smoke detectors in the atrium [10]. 
 
Activation of any spot smoke detector, beam detector, pull station or fire sprinkler within the atrium will 
activate the sequences of the smoke control system highlighted in the sequence of operations shown in 
Figure 34. Once the fire is detected by one of these devices, the makeup air vents on Level 2 of the 
atrium open, the magnetic doors within the 1 hour rated atrium fire separation close, and the vents 
located at the top of the atrium open to exhaust smoke from the atrium. 
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Figure 34 - Sequence of operations highlighting the atrium specific events and actions [10]. 
6.2 Code Requirements 
The applicable codes and standards relating to the smoke control system within the atrium are listed 
below: 
 2013 California Building Code (CBC) 
 NFPA 92, Standard for Smoke Control System, 2015 Edition 
6.2.1 CBC Requirements 
6.2.1.1 404 Atriums 
Since the atrium exceeds 2 stories, it is required to have a smoke control system installed in accordance 
with Section 909 (Section 404.5) [2]. Since atriums are large volume spaces interconnecting multiple 
stories, smoke and other products of combustion can spread from the point of origin of the fire to other 
stories within the atrium. Smoke and carbon monoxide are known to cause many deaths in fires to 
occupants not intimate with the fire origin, so exhausting the smoke from the atrium can maintain 
tenability within the atrium allowing the occupants to egress.  
6.2.1.2 909 Smoke Control Systems 
The smoke control system must follow the requirements of Section 909 and specifically Section 909.8 
since the exhaust method will be utilized. The purpose of a smoke control system is solely to maintain a 
tenable environment for the duration of the evacuation of occupants (Section 909.1) [2].  
6.2.1.3 909.4 Analysis 
A rational analysis must be performed to justify that a smoke control system using the exhaust method 
will be appropriate and address the effects of the stack effect, temperature effect of the fire, wind, 
HVAC systems, and climate (Section 909.4.1-909.4.5) [2]. All of these items can alter the movement of 
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smoke within the atrium, so they must be considered within the design of the smoke control system in 
order to ensure that the system will be able to perform as intended. The smoke control system will need 
to operate for either a duration of 20 minutes or 1.5 times the calculated egress time, whichever is less 
(Section 909.4.6) [2]. This is to ensure a safety factor is included in the egress time and that all 
components of the smoke control system will be able to operate long enough for all occupants to 
evacuate.  
6.2.1.4 909.9 Design Fire 
The rational analysis must also include a design fire that has been approved by the authority having 
jurisdiction. In addition to the items considered in Section 909.4, the design fire must include a 
consideration of the fuel load, fuel configuration, heat release rate, and effectiveness of sprinklers 
(Section 909.9.1-909.9.4) [2]. The rational analysis must address all of these considerations to ensure 
that the selection of a design fire best represents the fire risk of the specific situation.  
6.2.1.5 909.8 Exhaust Method 
The objective of the exhaust method is to maintain the height of the smoke layer at least 6 feet above 
any walking surface that is used as part of a means of egress within the smoke zone (Section 909.8.1) 
[2].  Maintaining the smoke layer at this height will limit the exposure of occupants to the toxic products 
of combustion and heat. Smoke control systems using the exhaust method must be designed in 
accordance with NFPA 92. 
6.2.2 NFPA 92 Requirements 
NFPA 92 states the design objectives and requirements for smoke control systems, as well as the 
procedures for smoke management calculations and heat release rate data to be considered for design 
fires.  
6.2.2.1 Chapter 4 
There are four specific objectives to be achieved from a smoke control system as listed in Section 4.1.2. 
Since the atrium will contain an exhaust smoke control system, the design objective is to maintain the 
smoke layer interface at a certain elevation within the large volume space of the atrium (Section 4.1.2 
(4)). Since the exhaust method will be used for the smoke control system, makeup air will need to be 
provided below the smoke layer interface (Section 4.4.4.1-4.4.4.2). Makeup air velocity cannot exceed 
200 feet per minute where it may contact the plume, unless an engineering analysis from the use of a 
fire model can prove a greater velocity will not disrupt the plume (Section 4.4.4.1.4). Since the smoke 
control system is intended to maintain the smoke layer at a height which would allow occupants enough 
time to egress, an egress analysis must be performed including tenability requirements in order to 
determine the required operating time of the smoke control system (Section 4.5.1.2) [12].  
6.2.2.2 Chapter 5 
Chapter 5 discusses algebraic methods that can be used to calculate the heat release rate of the design 
fire as well as equations to calculate smoke layer temperature and height. A smoke control system can 
be designed using these algebraic equations as well as a computational fluid dynamics (CFD) model 
(Section 5.1.3) [12]. Fire Dynamics Simulator (FDS), a CFD model designed for thermally driven flows 
present in fire situations will be used to design the system to ensure the smoke exhaust capacity is 
adequate to maintain the smoke layer for the required time.  
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6.3 Tenability Requirements 
The available safe egress time (ASET) is defined as the time from ignition of a fire to the time an 
occupant encounters an incapacitating or lethal exposure to the products of combustion and heat from 
the fire [13]. The results of a fire that have the largest impact on occupant tenability are the visibility 
resulting from the density of smoke, toxic products of combustion such as carbon monoxide, and the 
high temperatures and heat fluxes from the fire. These parameters will be evaluated using Fire 
Dynamics Simulator (FDS) in order to determine when the tenable limits for occupants are exceeded in 
areas remote from the fire plume. 
6.3.1 Visibility 
Visibility in a fire situation is an important criterion of tenability because loss of visibility can prevent an 
egressing occupant from being able to locate an exit. If an occupant is attempting to find an exit and the 
smoke becomes thick enough to prevent them from continuing forward, they will be forced to turn 
around or stop their egress altogether which can result in incapacitation or death. An important factor in 
determining the minimum visibility limit is if the occupants are assumed to be familiar or unfamiliar with 
the building. If an occupant is familiar with the building and knows where the exits are located, they can 
be assumed to travel through dense smoke with less visibility to exit the building while unfamiliar 
occupants will not travel through the denser smoke since they don’t know if they are nearing an exit. 
Table 2-6.11 of the SFPE Handbook of Fire Protection Engineering suggests a tenability limit of 10 meters 
of visibility for buildings with large enclosures and travel distances [14]. In the SFPE Handbook, Rasbash 
also suggests a visibility limit of 10 meters for occupants that are not familiar with an exit route within 
the building [14]. For this building, since the atrium is a large volume space and occupants are assumed 
to be unfamiliar with the building, the tenability limit for visibility will be 10 meters.  
Visibility can be evaluated within FDS and is dependent on the soot yield that is prescribed to the 
reaction of the fire that is taking place. The soot yield in FDS is defined as the fraction of fuel mass 
converted into smoke particulate [15]. In order to determine visibility, FDS uses the following equation: 
𝑆 = 𝐶 𝐾⁄  
In this equation, C is a non-dimensional constant determined by the type of object being viewed through 
the smoke and K is the light extinction coefficient. For a light-emitting sign, C=8, and for a light-reflecting 
sign, C=3, which is the FDS default [15]. The light extinction coefficient, K, is determined by the following 
equation [15]: 
𝐾 = 𝐾𝑚𝜌𝑌𝑠 
In this equation, Km is the mass specific extinction coefficient (FDS default 8700 m2/kg) and ρYs is the 
density of smoke particulate, dependent on the soot yield, Ys [15]. As shown in these equations, the 
visibility is strongly dependent on the soot yield that is prescribed by the user in FDS. For this reason, a 
sensitivity analysis will be performed to determine the effect of varying soot yield on the visibility within 
the atrium. 
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6.3.2 Toxic Gas Exposure 
Since smoke inhalation results in more fire related deaths than direct exposure to flames, it is important 
to analyze the exposure of occupants to the toxic products of combustion. The burning of different 
materials can produce different toxic gases and irritants, but carbon monoxide is the most prevalent 
toxic gas. According to the NFPA Fire Protection Handbook Section 6-Chapter 2, a fractional effective 
dose of one is reached with a dose of 35,000 ppm CO * min resulting in incapacitation [16]. This dose 
over a 30 minute exposure time is equivalent to a CO concentration of 1167 ppm. This is a conservative 
tenability limit because this CO concentration can be tolerated by humans for 30 minutes, but for this 
performance based analysis it is assumed that an instantaneous concentration of 1167 ppm is the 
tenability limit. A CO yield will be prescribed in FDS for the most likely combustibles that will be burning 
in the fire and the concentration of CO throughout the atrium will be evaluated to ensure the tenable 
limit is not exceeded. 
6.3.3 Exposure to Heat 
Tenability criteria for heat exposure from a fire can be defined by the temperature that is reached or the 
heat flux that is tolerable for an occupant. According to the NFPA Fire Protection Handbook Section 6-
Chapter 2, the tenability limit for radiant heat flux is 2.5 kW/m2. At this heat flux, exposure can be 
tolerated for 30 minutes, but above this heat flux skin can burn rapidly. For this reason, the tenability 
limit in this rational analysis for heat flux will be defined as 2.5 kW/m2. In Los Angeles, the tenability limit 
for temperature was selected as 66°C in the situation of a teacher or student entering a corridor from a 
room [16]. This temperature assumes dry air and a brief exposure time. For this reason, a conservative 
tenability limit for temperature of 60°C will be used for this rational analysis. The temperatures within 
the atrium will be evaluated with the use of FDS to ensure that occupants are not exposed to 
temperatures exceeding 60°C. 
6.3.4 Summary 
The tenability limits for visibility, carbon monoxide and heat are listed in Table 36.  
Table 36 – Summary of Tenability Limits 
Tenability Criteria 
Visibility 10 meters 
Carbon Monoxide 1667 ppm 
Heat 60°C, 2.5 kW/m2 
6.4 Purpose 
The purpose of the performance based design is to ensure that the space remains tenable for a greater 
time than it takes for all of the occupants to exit the area. This performance based design will include an 
analysis of the required safe egress time (RSET) and the available safe egress time (ASET) using 
computer based models. RSET will be determined using the software Pathfinder while ASET will be 
determined using Fire Dynamics Simulator (FDS). The current smoke control system was analyzed to 
determine if tenability is maintained on each level of the atrium at a height of 6 feet above each walking 
surface as well as an alternate design.  
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6.5 Required Safe Egress Time (RSET) 
The required safe egress time (RSET) is defined as the time from ignition of a fire and the time at which 
all occupants can reach an area of safety or exit [13]. In order for a building or area of a building to meet 
life safety requirements, the available safe egress time must be greater than the required safe egress 
time. This means that the area must remain tenable for a time greater than it take for all of the 
occupants to safely exit. An acceptable and unacceptable ASET/RSET comparison is shown in Figure 35. 
 
Figure 35 - ASET and RSET comparison showing a passing example and failing example. 
 
The available safe egress time was found from the FDS simulations by determining when the tenability 
limits were reached on each level. The required safe egress time consists of three separate parts, as 
shown in Figure 35 and the following equation. 
𝑅𝑆𝐸𝑇 = 𝑡𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 + 𝑡𝑝𝑟𝑒−𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡 +  𝑡𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡 
    𝑡𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛          = 𝑇𝑖𝑚𝑒 𝑓𝑟𝑜𝑚 𝑖𝑔𝑛𝑖𝑡𝑖𝑜𝑛 𝑡𝑜 𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑛𝑜𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 
    𝑡𝑝𝑟𝑒−𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡 = 𝑇𝑖𝑚𝑒 𝑓𝑟𝑜𝑚 𝑛𝑜𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑡𝑜 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑒𝑔𝑟𝑒𝑠𝑠 
    𝑡𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡         = 𝑇𝑖𝑚𝑒 𝑡𝑜 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑙𝑦 𝑒𝑣𝑎𝑐𝑢𝑎𝑡𝑒 
From this equation, the detection time was determined by the first activating smoke detector, beam 
detector, or heat detector device in the FDS simulation. The pre-movement time was an assumed 
constant value of 36 seconds from Table 4.2.1 of the NFPA Fire Protection Handbook for a mid-rise 
office building [17]. During this time after notification of the fire, it is assumed that occupants will not 
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immediately begin exiting the building. Since the majority of occupants are professors and students, it is 
likely that they will gather their belongings, such as backpacks and laptops, before beginning to exit the 
building. A pre-movement time of 36 seconds represents these occupants well since they will most likely 
not ignore the fire alarm, but will still spend some time reacting to the situation and gathering 
belongings before egressing. Finally, the movement time was found from a Pathfinder model of the 
atrium. 
6.5.1 Pathfinder Model 
In order to determine the time for all of the occupants to completely exit the atrium, a model was made 
in Pathfinder (Figure 36). The model contains the protected stair within the atrium, but not the open 
stairway within the north opening of the atrium since it is not an approved means of egress. 
 
 
Figure 36 - Pathfinder model of the atrium of the building. 
6.5.1.1 Pathfinder Model - Exits 
Similar to the Pyrosim and FDS model, the Pathfinder model consisted of only the atrium. Since the 
atrium contains horizontal exits to the east and west wings of the building, as well as exits to the 
exterior on Level 2, the egress time was found when all of the occupants exit the atrium through these 
exits, rather than the entire building. Since the horizontal exits are in the 1 hour barrier separating the 
atrium from the remainder of the building, it is considered that occupants have exited the building when 
using a horizontal exit. A summary of the exits present in the Pathfinder atrium model is shown in Table 
37. 
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Table 37 – Summary of Exits within Pathfinder Model 
Egress Component Width (inches) 
Level 2 
North/South Exterior Exit 144” each 
East/West Horizontal Exits 96” each 
Level 3-4 
East/West Horizontal Exits 96” each 
Stair 36” Door 
48” Stair 
Level 5-6 
East Horizontal Exit 96”  
Stair 36” Door 
48” Stair 
 
6.5.1.2 Pathfinder Model – Occupant Load 
Each area of the model contained occupants according to the appropriate occupant load for the use of 
the space. The majority of the atrium was considered business use since it is mainly offices and the 
atrium space, so the occupant load factor was 100 square feet per person. On Level 2 and Level 3, there 
are assembly spaces that used an occupant load of 15 square feet per person. These spaces are shown 
in yellow in Figure 36. A summary of the occupant load per floor is shown in Table 38. 
Table 38 – Occupant Load on Each Level of Pathfinder Model 
Floor Occupants 
2 155 
3 170 
4 88 
5 91 
6 91 
TOTAL 595 
 
6.5.1.3 Pathfinder Model – Results 
In Pathfinder, there are two different methods to predict occupant movement: steering method and 
SFPE method. For the steering method, occupants use the steering system to maintain a reasonable 
separation distance from others and doors do not act to limit the flow of occupants [18]. In the SFPE 
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method, occupants do not avoid one another and the egress time is determined by the flow limit and 
velocity through doors [18]. For this simulation, the steering method was used since it is believed to 
most accurately represent real life situations. The exit times from each floor are shown in Table 39. 
Table 39 – Exit Time for Each Floor from Pathfinder Model 
Floor Exit Time 
Level 2  53 seconds 
Level 3  95 seconds 
Level 4  37 seconds 
Level 5  37 seconds 
Level 6 44 seconds 
 
6.6 Available Safe Egress Time (ASET) 
The available safe egress time (ASET) is defined as the time from ignition to the time that untenable 
conditions occur [13]. In order to determine the ASET, a model of the atrium space was created in 
Pyrosim and simulations were performed using Fire Dynamics Simulator (FDS). 
6.6.1 Limitations of FDS 
FDS is a CFD model developed by NIST that solves a form of the Navier-Stokes equations for low Mach 
number thermally-driven flows. FDS uses Large Eddy Simulation to model turbulent fluid flows that are 
present in fire scenarios [15]. In order to increase calculation times, FDS uses a rectangular grid. All solid 
obstruction of the geometry must conform to the grid spacing, so geometry is restricted to the size of 
the mesh cells and must be rectilinear. This can make complex geometry difficult to create, and requires 
stair-stepping geometry in order to best represent the geometry and volume of the space. The FDS 
calculation is highly dependent on the size of the mesh cells, decreasing the size of the cells greatly 
increases calculation time. For this reason, a balance must be found between the calculation time and 
number and size of mesh cells to ensure accuracy of the results while maintaining realistic simulation 
times. 
6.6.2 Model Overview 
In order to assess the performance of the natural ventilation smoke control system, the atrium from 
Level 2 through Level 6 was modeled using Pyrosim. The model only contained the atrium space, not 
including the east and west wings of the building, or the offices and rooms adjacent to the atrium. Since 
the purpose of the smoke control system is to limit the amount of smoke and products of combustion 
that travel from the location of the fire to other floors and spaces of the atrium, only the open volume 
of the atrium was modeled. This would reduce the size of the model which would reduce the required 
time to perform each simulation. The model of the atrium in Smokeview with the exterior walls hidden 
is shown in Figure 37. 
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Figure 37 - Smokeview rendering of the FDS model of the atrium. 
6.6.2.1 Devices 
The model consists of different devices including spot smoke detectors, beam detectors and heat 
detectors. In addition to the devices, the exhaust vents and makeup air vents are included in the model 
initially closed. The vents were set to open once the first device was initiated. Spot smoke detectors 
were located per the fire alarm plans at the elevator on each level and at the magnetically held open 
doors to the east and west wing. Since the spot smoke detectors are photoelectric smoke detectors, the 
suggested values for Cleary Photoelectric P1 detectors from Table 15.1 of the FDS User’s Guide were 
used [15]. These properties are summarized in Table 40. 
Table 40 – Smoke Detector Properties for FDS Model [15] 
Detector αe Βe αc. L Βc 
Cleary Photoelectric P1 1.8 -1.0 1.0 -0.8 
 
Beam detectors were located within the FDS model per the fire alarm plans. This included in the south 
opening of the atrium as well as above the corridor leading to the faculty offices on the north side of the 
atrium. The activation point for the beam detectors in the FDS model were set to 35%, which is the 
medium sensitivity of the OSID Xtralis beam detectors that are installed within the atrium as shown on 
the manufacturer specification sheet in Appendix N. 
In addition to the spot smoke detectors and beam detectors, the sprinklers within the atrium were input 
into the model as heat detectors. The sprinklers were modeled as heat detectors so the model would 
not be interrupted by sprinkler activation, but it could be determined when the sprinklers would 
activate for each fire scenario. The heat detectors were modeled with an activation temperature of 
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68.33°C and RTI of (50 m-s)1/2 to represent the quick response sprinklers within the atrium. The 
activation time of the first device in the FDS model was used as the detection time in the calculation of 
RSET.  
6.6.2.2 Slice Files 
In order to visually analyze the results from the FDS simulations, slice files were input into the model to 
be viewed in Smokeview. Velocity slice files were placed through the makeup air vents as well as 
through the center of the atrium in order to determine the velocity of the makeup air to make sure the 
requirements of NFPA 92 were met. Vertically through the center of the atrium and horizontally on each 
level at 6 feet above the walking surface, slice files were placed for temperature, visibility, and carbon 
monoxide concentration in order to determine when the tenable limits were reached. While viewing 
each slice file, a limit can be marked to appear in black to determine where the limit is reached within 
the model. This was done for each slice file, setting the determined tenability limits to black to show the 
location and time when untenable conditions were reached. Since CBC 909.8 requires tenable 
conditions to be maintained at a height of 6 feet above all means of egress, the available safe egress 
time was determined by observing the slice files over the duration of the simulation to find when the 
tenable limit was reached. The available safe egress time was determined when the tenable limit was 
reached to the point where an egress path was completely blocked by the tenable limit marked in black 
on the slice file. If the tenable limit was reached in a spot for only a brief time or where it did not 
completely cover an egress path, it was not determined to be the available safe egress time. 
6.6.2.3 Mesh 
The model consists of six separate computational meshes that each are made up of a uniform grid of 
0.2m x 0.2m x 0.2m cells which resulted in a total of 3,385,600 cells. This mesh resolution was 
determined to be adequate by performing a mesh sensitivity analysis that will be discussed later, as well 
as the following calculation from the FDS User’s Guide. Equation 6.1 from the FDS User’s Guide is shown 
below [15]. 
𝐷∗
𝛿𝑥
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𝜌∞𝑐𝑝𝑇∞√𝐺
)
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The quantity D*/δx is a non-dimensional expression that can be used to characterize how well the flow 
field is resolved for buoyant plumes [15]. According to NUREG 1824, values between 4 and 16 can be 
used to accurately resolve fires in various scenarios [19].  
6.6.2.4 Reaction Input Properties 
There are multiple user-specified properties that affect the results from the FDS simulations: soot yield, 
CO yield, and heat of combustion. As defined in the FDS User’s Guide, the soot yield is the fraction of 
fuel mass converted into smoke particulate during combustion while the CO yield is the fraction of fuel 
mass converted into carbon monoxide [15]. An increased soot yield will cause the visibility tenable limit 
to be reached at a quicker time while an increased CO yield will cause the tenable limit for carbon 
monoxide concentration to be reached sooner. The heat of combustion is defined as the amount of heat 
released per unit mass of fuel during combustion. Since the heat release rate was specified in the FDS 
models, the mass loss rate is determined by dividing the specified heat release rate by the heat of 
combustion. The heat of combustion affects the mass loss rate during combustion which will determine 
the mass of products, including soot and CO.  
Since the primary fuels of the couch being considered as the design fire are polyurethane foam and 
wood, properties for these materials will be considered. Table 3-4.16 from the SFPE Handbook lists 
values for soot yield, CO yield and heat of combustion for various fuels. For flexible polyurethane foams, 
the average value for heat of combustion is approximately 25,000 kJ/kg while for wood it is 
approximately 17,500 kJ/kg. A value of 25,000 kJ/kg was selected as the heat of combustion for the FDS 
model since the primary fuel is the polyurethane foam. For this same reason, a CO yield of 0.04 was 
selected from Table 3-4.16. In order to best represent the soot yield, an effective value was determined 
to best represent the combination of polyurethane foam and wood. Table 3-4.16 lists soot yield values 
of wood of 0.015 while for polyurethane foam the range is from 0.131 to 0.227. Since the majority of the 
mass of a couch is wood, an effective soot yield of 0.05 was selected. A summary of the reaction 
parameters are shown in Table 41. In order to determine the impact of these parameters on the 
tenability in the FDS simulations, a sensitivity analysis will be performed.  
Table 41 – FDS Reaction Properties [20] 
Property Value Units 
Heat of Combustion 25,000 kJ/kg 
Soot Yield 0.05 kg/kg 
CO yield 0.04 kg/kg 
 
6.6.2 Design Fire #1 – Axisymmetric Plume 
6.6.2.1 Overview/Location 
Design fire #1 is an axisymmetric plume located on Level 2, the base level of the atrium as shown in the 
Smokeview model in Figure 38 and the plan view in Figure 39. 
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Figure 38 - Smokeview rendering showing the axisymmetric plume rising in the atrium. 
 
Figure 39 - Plan view of Level 2 of the atrium showing the location of Design Fire #1 [1]. 
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 As defined by NFPA 92 3.3.9.1, an axisymmetric plume is a plume that rises above a fire, does not come 
into contact with walls or other obstacles, and is not disrupted or deflected by airflow as shown in 
Figure 40 [12].  
 
Figure 40 - Schematic of an axisymmetric fire plume [12]. 
In this location on Level 2 of the atrium, there is furniture that will serve as the fuel load. The actual 
furniture that is located within the atrium is shown in Figure 41. 
 
Figure 41 - Photograph of furniture used for fuel load located within the atrium. 
6.6.2.2 Heat Release Rate 
The design fire for the axisymmetric plume for design fire #1 was selected as one of the couches shown 
in Figure 41. Heat release rate data for similar furniture is shown in Figure 42 from “Upholstered 
Furniture Heat Release Rates Measured with a Furniture Calorimeter” [21]. 
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Figure 42 - Heat release rate for furniture similar to furniture found in the atrium [21].  
Since the most similar piece of furniture from this test is the sofa, a peak heat release rate of 3MW was 
selected to be used in the FDS model. The fire was modeled as a fast t-squared fire since the heat 
release rate over time for the sofa most closely matches the fast curve shown in Figure 43.   
 
Figure 43 - Heat release rate curves for different t-squared fires [12]. 
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Since this fire is located directly underneath one of the openings in the atrium, sprinklers will not have 
an effect on the fire, so the fire will be fuel-limited. In order to be conservative, it is assumed that the 
fire will grow as a fast t-squared fire until it reaches the peak heat release rate of 3 MW and then will 
remain constant at the peak heat release rate. This is conservative since a furniture fire would actually 
begin to decay once all of the fuel is consumed, as seen in Figure 42. The heat release rate over time 
output from the FDS simulation is shown in Figure 44. 
 
Figure 44 - FDS output of heat release rate over time. 
 
6.6.2.3 Mesh 
Using Equation 6.1 from the FDS User’s Guide, the nondimensional parameter was calculated using a 
heat release rate of 3000 kW for design fire #1. Since this value is between 4 and 16, it is determined 
that the mesh spacing is adequate for this fire scenario. 
?̇?
𝛿𝑥
=  
(
(3000)
(1.204)(1.005)(293)(√9.81)
)
2
5
0.2
= 7.44 
 
 
 
 
65 
 
6.6.2.4 Design Fire #1 ASET Results – Temperature 
Figure 45 shows the temperature in the entire atrium at a time of 300s. The tenable limit of 60°C was 
not reached on any level within the atrium. 
 
Figure 45 – Temperature slice file at a time of 300 seconds showing tenable limit not being reached. 
 
6.6.2.5 Design Fire #1 ASET Results – Carbon Monoxide 
Figure 46 shows the carbon monoxide concentration in the entire atrium where a maximum value of 
500 ppm is reached. The tenable limit of 1,667 ppm was not reached, so the space remained tenable for 
the entire simulation. 
 
Figure 46 – Carbon monoxide slice file at 300 seconds showing tenable limit not being reached. 
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6.6.2.6 Design Fire #1 ASET Results – Visibility 
Visibility slice files of Level 2 through Level 6 are shown in Figure 47 through Figure 51 showing the time 
when the tenable limit of 10 meters was reached. If the tenable limit was not reached on a level, the 
visibility slice file at 300 seconds is shown since this was the end of the simulation. 
 
Figure 47 – Visibility slice file of Level 2 at 300 seconds showing tenable limit not being reached. 
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Figure 48 – Visibility slice file of Level 3 at 300 seconds showing tenable limit not being reached. 
 
 
Figure 49 – Visibility slice file of Level 4 showing tenable limit being reached at 190 seconds. 
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Figure 50 – Visibility slice file of Level 5 showing tenable limit being reached at 190 seconds. 
 
 
Figure 51 – Visibility slice of Level 6 showing tenable limit being reached at 174 seconds. 
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6.6.2.7 Design Fire #1 ASET/RSET Analysis 
A summary of the ASET for design fire #1 is shown in Table 42. 
Table 42 – Summary of ASET Results from Design Fire #1 
 Temperature Carbon Monoxide Visibility 
Level 2 
Tenability 
maintained for 
300 seconds 
Tenability 
maintained for 300 
seconds 
> 300 s 
Level 3 > 300 s 
Level 4 190 s 
Level 5 190 s 
Level 6 174 s 
 
Table 43 shows the calculation of RSET including a 50% safety factor compared with ASET for each level. 
Level 6 is the only level that fails since ASET is less than RSET. The detection time of 44 seconds was from 
the Level 3 beam detector directly above the fire. 
Table 43 – ASET/RSET Comparison for Design Fire #1 
Floor Detection 
Time 
Pre-movement 
Time 
Travel 
Time 
Total RSET RSET x 1.5 ASET ASET>RSET? 
2 
44 36 
53 133 200 > 300 s YES 
3 95 175 263 > 300 s YES 
4 37 117 176 190 YES 
5 37 117 176 190 YES 
6 44 124 186 174 NO 
 
6.6.2.8 Recommendations 
Since the current smoke control system did not pass the ASET/RSET analysis on each floor, it is not 
adequate for the atrium in the building. In order to increase the ASET to a time greater than the RSET, 
two changes can be made to the current smoke control system. First, a mechanical ventilation smoke 
control system could be installed in order to increase the volume of smoke exhausted from the atrium. 
This would be a very costly alteration to the building since it would require the addition of exhaust fans 
to the roof where they may not be room for such fans. The other option is to redesign the natural 
ventilation smoke control system to have increased venting at the ceiling to increase the volume of 
smoke exhausted. Since the atrium has an existing natural ventilation system, this option would be the 
easiest and most cost effective solution. An alternate design to the current natural ventilation smoke 
control system was analyzed using FDS and will be discussed later in this report. 
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6.6.2.9 Mesh Sensitivity Analysis 
Computational fluid dynamics simulations are highly dependent on the resolution of the computational 
mesh. The dilemma is that although decreasing the mesh cell size produces more accurate results, the 
increase in the number of cells greatly increases the duration of the calculation. For this reason, a 
balance must be found which produces sufficiently accurate results without creating unrealistically long 
calculation times. In order to determine an appropriate mesh cell size for the atrium FDS model, a mesh 
sensitivity analysis was performed. This would tell when the mesh cell size is adequately refined to 
achieve accurate results with a reasonable calculation time. Three different mesh configurations were 
tested with mesh cell sizes ranging from 0.2 meters to 0.4 meters using the model for design fire #1. As 
previously mentioned, the computational domain of the model consisted of six meshes, three across the 
base of the atrium extending to Level 4 and three covering Levels 4 through 6 at the top of the atrium. 
The different mesh configurations varied the mesh cell size between 0.2 meters and 0.4 meters across 
the bottom three meshes and the top three as summarized in Table 44. 
Table 44 – Summary of Different Mesh Configurations for Mesh Sensitivity Analysis 
Mesh Configuration  Description Number of Cells 
1 All cells 0.4m 423,200 
2 Bottom three meshes 0.2m, 
top three meshes 0.4m 
1,200,200 
3 All cells 0.2m 3,385,600 
 
As shown in Table 44, the number of cells in the computational domain increases rapidly as the cell size 
is decreased. As the number of cells increased, the calculation duration increased. The calculation time 
for mesh configuration 1 was approximately 4 hours while for mesh configuration 3 it was 
approximately 48 hours. In order to determine when the mesh was adequately refined, the total volume 
of smoke exhausted in each simulation was calculated using volume flux devices in the FDS models. The 
results from the three different mesh configurations are shown in Figure 52. 
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Figure 52 - Exhaust volume with increasing number of cells showing convergence. 
As shown in Figure 52, as the number of cells increases the results appear to converge. A large 
difference can be seen between mesh configuration 1 and 2, but mesh configuration 2 and 3 only differ 
by 2.7%. For this reason, mesh configuration 3 is determined to be the best choice to provide the most 
accurate results while not taking excessively long to perform the calculation. A more refined mesh 
configuration was not tested due to the projected length of the calculation and the assumed minimal 
difference in results with mesh configuration 3 if the curve were to be extrapolated. 
6.6.3 Design Fire #2 – Balcony Spill Plume 
6.6.3.1 Overview/Location 
Design fire #2 is a balcony spill plume located in the center of Level 2, the base level of the atrium as 
shown in the Smokeview model in Figure 53 and plan view in Figure 54. 
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Figure 53 - Smokeview rendering showing the balcony spill plume. 
 
Figure 54 - Plan view showing location of Design Fire #2 [1]. 
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As defined by NFPA 92 3.3.9.2, a balcony spill plume is a smoke plume that originates from a 
compartment fire, flows out the doorway, flows under a balcony, and flows upward after passing the 
balcony edge, as shown in Figure 55.  
 
Figure 55 - Schematic showing a balcony spill plume fire [12]. 
 
The furniture shown in Figure 56 is found at this location of the atrium and will be the fuel load for 
design fire #2. 
 
Figure 56 - Furniture found on Level 2 of the atrium. 
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6.6.3.2 Heat Release Rate 
The same style couch that was used for design fire #1 will be used as the fuel load again for design fire 
#2. A fast growing t-squared fire with a peak heat release rate of 3 MW will be used for the heat release 
rate of the couch, but this fire will be sprinkler-controlled due to its location. The FDS model contains 
heat detector devices with an RTI of 50 (m-s)1/2 and an activation temperature of 68.33°C that represent 
the quick response sprinklers located within this area of the atrium. An FDS simulation was run with the 
fast t-squared fire to determine when the sprinklers would reach the activation temperature. The results 
showing the sprinkler temperature and heat release rate is shown in Figure 57. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As shown in Figure 57, the sprinkler activation temperature is reached at a time of 127 seconds while 
the heat release rate is at a value of 750 kW. Since design fire #2 is a sprinkler-controlled fire, it will be 
modeled as a fast t-squared fire until it reaches a heat release rate of 750 kW at a time of 127 seconds. 
At this point, the heat release rate will remain constant at 750 kW for the remainder of the simulation, 
as shown in the heat release rate output from the FDS simulation in Figure 58. 
 
Figure 57 – FDS output showing heat release rate at time of sprinkler activation. 
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Figure 58 – Heat release rate over time from Design Fire #2 FDS simulation. 
 
6.6.3.3 Mesh 
The nondimensional parameter from Equation 6.1 of the FDS User’s Guide is calculated for design fire #2 
using a heat release rate of 750 kW. Since the value is between 4 and 16, it is determined that the mesh 
resolution is adequate for this fire scenario. 
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6.6.3.4 Design Fire #2 ASET Results – Temperature 
Figure 59 shows a temperature slice file of the entire atrium showing the tenable limit of 60°C not being 
reached for the duration of the simulation. 
 
Figure 59 – Temperature slice file at 300 seconds showing tenable limit not being reached. 
6.6.3.5 Design Fire #2 ASET Results – Carbon Monoxide 
Figure 60 shows a slice file of the entire atrium showing the carbon monoxide concentration not 
reaching the tenable limit of 1,667 ppm. 
 
Figure 60 – Carbon monoxide slice file at 300 seconds showing tenable limit not being reached. 
77 
 
6.6.3.6 Design Fire #2 ASET Results – Visibility 
Visibility slice files of Level 6 through Level 2 are shown in Figure 61 through Figure 65 showing the time 
that the tenable limit of 10 meters is reached on each level. If the tenable limit was not reached, the 
visibility slice file at 300 seconds is shown since this was the end of the simulation. 
 
Figure 61 – Visibility slice file of Level 2 showing tenable limit being reached at 270 seconds. 
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Figure 62 – Visibility slice file of Level 3 showing tenable limit being reached at 200 seconds. 
 
 
Figure 63 – Visibility slice file of Level 4 showing tenable limit being reached at 250 seconds. 
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Figure 64 – Visibility slice file of Level 5 at 300 seconds showing tenable limit not being reached. 
 
 
Figure 65 – Visibility slice file of Level 6 at 300 seconds showing tenable limit not being reached. 
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6.6.3.7 Design Fire #2 ASET/RSET Analysis 
A summary of the ASET times for design fire #2 is shown in Table 45. 
Table 45 – Summary of ASET Results for Design Fire #2 
 Temperature Carbon Monoxide Visibility 
Level 2 
Tenability 
maintained for 
300 seconds 
Tenability 
maintained for 300 
seconds 
270 s 
Level 3 200 s 
Level 4 250 s 
Level 5 > 300 s 
Level 6 > 300 s 
 
Table 46 shows the calculation of RSET including a 50% safety factor compared with ASET for each level. 
Level 3 is the only level that fails since ASET is less than RSET. The detection time of 31 seconds was from 
the elevator spot smoke detector on Level 2. 
Table 46 – ASET/RSET Analysis for Design Fire #2 
Floor Detection 
Time 
Pre-movement 
Time 
Travel 
Time 
Total RSET RSET x 1.5 ASET ASET>RSET? 
2 
31* 36** 
53 120 180 270 YES 
3 95 162 243 200 NO 
4 37 104 156 250 YES 
5 37 104 156 > 300 s YES 
6 44 111 167 > 300 s YES 
 
6.6.3.8 Recommendations 
Since the only level that failed the ASET/RSET comparison was Level 3, directly above the fire, it is not 
likely that increasing the amount of ventilation or using mechanical ventilation would increase the ASET 
greater than the RSET. The other option is to reduce the RSET on Level 3. The RSET on Level 3 was 
significantly greater than on any other level due to the queuing at the single door from the student 
workspace assembly spaces as shown in Figure 66.  
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Figure 66 – Locations of queuing at Level 3 student workspace exits [1]. 
These spaces have an occupant load greater than 50, so there are two exits required, but only one 
provided as discussed previously in this report. This leads to the large number of occupants queuing at 
the single doors and increasing the RSET from Level 3. Although two exits are required from each of 
these spaces, there is not a practical way to fit a second exit from these spaces into the center of the 
atrium and the one-third diagonal separation rule would not be met. Two possible solutions are to 
change the use of the space so a business use occupant load factor of 100 can be used to decrease the 
occupant load, or to increase the width of the doors to reduce queuing times. Since it may not be 
practical to change the use of the space, increasing the width of the doors from 36 inches to 72 inches 
could decrease the queuing time, but would still not meet the requirement for two exits from the space. 
A Pathfinder model was performed with the wider 72 inch doors, which reduced the exit travel time 
from 95 seconds to 51 seconds. This resulted in a 1.5xRSET value of 177 seconds which is less than the 
ASET of 200 seconds, which passes the requirements of the performance based analysis. Although this 
satisfies the requirements of the performance based analysis, the prescriptive requirement for two exits 
from this space is still not met.  
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6.7 Proposed Natural Ventilation Smoke Control System 
Since the current natural ventilation smoke control system did not pass the performance based analysis 
on each level for each design fire, the system is not adequate for the atrium. In order to create a passing 
design, where ASET is greater than RSET, an alternate natural ventilation smoke control system was 
created. This system included increased vent area at the ceiling as well as increased makeup air vent 
area. An alternate option would be a mechanical smoke control system, but this would be more costly 
than altering the already existing natural ventilation smoke control system, so this option will not be 
analyzed. Since the axisymmetric plume was the most severe fire scenario, the same fire size and 
location as design fire #1 was used to test the proposed natural ventilation smoke control system. 
6.7.1 Exhaust Vents 
In order to increase the available safe egress time, the size of the exhaust vents at the ceiling were 
increased in the new smoke control system design. In the existing design, there is a total of 100 square 
feet in each of the smoke reservoirs for a total of 200 square feet of exhaust area. In the new design, the 
exhaust area was increased to 250 square feet in each smoke reservoir, as shown in Figure 67, for a total 
of 500 square feet. 
 
Figure 67 – Proposed 250 ft2 exhaust vent in smoke reservoir at roof of atrium [1]. 
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6.7.2 Makeup Air Vents 
In the existing smoke control system, the makeup air vents are the Level 2 entrance doors at the north 
and south ends of the atrium. Since the area of the exhaust vents at the ceiling were increased, the area 
of the makeup air vents at Level 2 were increased as well. This would provide a greater amount of fresh 
air as makeup air since a greater volume of air is being exhausted from the atrium. Increasing the area of 
the makeup air vents will also decrease the velocity of the makeup air into the building so it will not 
disrupt the plume. The area of the makeup air vents were increased from 133.5 ft2 to 341 ft2 since this 
was as large as the vents could be made practically and was proportional to the increase in the exhaust 
vents.  
6.7.3 New Smoke Control System ASET Results – Temperature 
Figure 68 shows the temperature within the atrium at a time of 300 seconds. The tenable limit of 60°C 
was not reached on any level of the atrium. 
 
Figure 68 - Temperature slice file at a time of 300 seconds showing tenable limit not being reached. 
6.7.4 New Smoke Control System ASET Results – Carbon Monoxide 
Figure 69 shows the carbon monoxide concentration in the entire atrium where a maximum value of 
350 ppm is reached. Since this is less than the tenable limit of 1,667 ppm, the atrium maintains 
tenability for the entire simulation.  
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Figure 69 – CO Concentration slice file at 300 seconds showing the tenable limit not being reached. 
 
6.7.5 New Smoke Control System ASET Results – Visibility 
Figure 70 through Figure 74 show visibility slice files on Level 2 through Level 6 at the time the tenable 
limit of 10 meters was reached. If the tenable limit was not reached on a level, the slice file is shown at a 
time of 300 seconds, which was the end of the simulation. 
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Figure 70 – Visibility slice file of Level 2 at 300 seconds showing tenable limit not being reached. 
 
Figure 71 – Visibility slice file of Level 3 at 300 seconds showing tenable limit not being reached. 
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Figure 72 – Visibility slice file of Level 4 showing the tenable limit being reached at 264 seconds. 
 
Figure 73 – Visibility slice file of Level 5 showing the tenable limit being reached at 265 seconds. 
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Figure 74 – Visibility slice file of Level 6 showing the tenable limit being reached at 222 seconds. 
6.7.6 ASET/RSET Analysis 
Table 47 shows a summary of the ASET results on each level for the new natural ventilation smoke 
control system 
Table 47 – Summary of ASET Results for New Natural Smoke Control System Design 
 Temperature Carbon Monoxide Visibility 
Level 2 
Tenability 
maintained for 
300 seconds 
Tenability 
maintained for 300 
seconds 
> 300 s 
Level 3 > 300 s 
Level 4 264 s 
Level 5 265 s 
Level 6 225 s 
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Table 48 shows the calculation of the RSET as well as a comparison of RSET with ASET showing a passing 
design since ASET is greater than RSET on each level of the atrium. 
Table 48 – ASET/RSET Analysis for New Natural Smoke Control System Design 
Floor Detection 
Time 
Pre-movement 
Time 
Travel 
Time 
Total RSET RSET x 1.5 ASET ASET>RSET? 
2 
44 36 
53 133 200 > 300 YES 
3 95 175 263 > 300 YES 
4 37 117 176 264 YES 
5 37 117 176 265 YES 
6 44 124 186 225 YES 
 
6.7.7 Ambient Temperature Effects 
Differences in exterior ambient air temperature can cause differences in smoke movement within the 
building. When the exterior ambient temperature is colder than the interior air temperature this is 
called stack effect. Since the temperature of the air inside the building is warmer, it is less dense and will 
rise within building shafts due to the buoyant force. This results in an outward flow at the top of the 
building, due to the pressure difference between the interior and exterior, and an inward flow of air at 
the bottom of the building (Figure 75). When the temperature within the building is colder than the 
exterior ambient temperature, the opposite occurs, known as reverse stack effect as shown in Figure 75. 
 
Figure 75 Air movement due to normal and reverse stack effect [22].  
In order to analyze the effects of exterior ambient air temperature on the natural ventilation smoke 
control system, the most extreme hot and cold temperatures were analyzed in the FDS model to 
determine if the design passed the tenability criteria. According to Intellicast.com, the lowest recorded 
temperature was 12°F (-11.11°C) in December 1987 and the highest recorded temperature in San Luis 
Obispo was 112°F (44.44°C) in September 1971 [23]. By using these two extremes, it could be 
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determined if the smoke control system is adequate for all of the conditions that can occur in the 
environment. The ambient temperature in the FDS models was set to these values, while the interior 
temperature of the building was initially set at 20°C to analyze stack effect and reverse stack effect 
within the atrium.  
6.7.7.1 Stack Effect, 12°F Ambient Temperature 
Table 49 shows the ASET compared to the RSET with a 50% safety factor for the new natural ventilation 
smoke control system with an ambient temperature of 12°F. The ASET was determined on each level by 
when the visibility limit was reached, similar to determining the ASET for Design Fire #1 and #2 with the 
existing natural ventilation smoke control system. Tenability was maintained on each level for a time 
greater than the RSET including the safety factor as shown in Table 49. With stack effect, the natural 
ventilation smoke control system performs as well, or even better than the case without stack effect. 
This is due to the natural upward air movement induced by stack effect that leads to a greater volume of 
smoke being exhausted by the vents at the ceiling. 
Table 49 – ASET/RSET Analysis for Stack Effect Case 
Floor Detection 
Time 
Pre-movement 
Time 
Travel 
Time 
Total RSET RSET x 1.5 ASET ASET>RSET? 
2 
54 36 
53 143 215 > 300 YES 
3 95 185 278 > 300 YES 
4 37 127 191 > 300 YES 
5 37 127 191 256 YES 
6 44 134 201 209 YES 
 
6.7.7.2 Reverse Stack Effect, 112°F Ambient Temperature 
Table 50 shows the ASET compared to the RSET with a 50% safety factor for the new natural ventilation 
smoke control system with an ambient temperature of 112°F. Similar to the previous case, the ASET was 
determined when the visibility limit was reached on each level since the temperature and CO 
concentration limit were not reached in the atrium. The ASET is greater than the RSET on every level 
except Level 6. This is due to the downward movement of air due to the reverse stack effect. This does 
not allow smoke to be exhausted from the exhaust vents, so Level 6 reaches the tenable limit very 
quickly. This may suggest that this proposed natural ventilation smoke control system design is not 
adequate for the atrium, but since this is the most severe temperature situation, the design may still be 
approved by the AHJ since the other levels maintain tenability. 
 
 
 
90 
 
Table 50 – ASET/RSET Analysis for Reverse Stack Effect Case 
Floor Detection 
Time 
Pre-movement 
Time 
Travel 
Time 
Total RSET RSET x 1.5 ASET ASET>RSET? 
2 
39 36 
53 128 192 > 300 YES 
3 95 170 255 > 300 YES 
4 37 112 168 > 300 YES 
5 37 112 168 282 YES 
6 44 119 179 168 NO 
 
6.7.8 Sensitivity Analysis 
Since the FDS simulations are dependent on user inputs, such as soot yield and CO yield, a sensitivity 
analysis was performed in order to determine the effects of varying these inputs on the results. Since 
these input values were determined from tabular data for free burning tests of single materials, these 
properties do not best represent the fire situation. For this reason, it is important to perform a 
sensitivity analysis to determine if changing these properties can alter the results of the simulation and 
if the selected properties can be considered appropriate. Different percentages of these input variables 
were used to analyze this. If a small change in the input variables produced an ASET less than RSET, it 
was determined that the selected input value needed to be re-analyzed.  
6.7.8.1 Soot Yield 
Since the ASET was determined by the tenable limit for visibility in every case, the soot yield is a very 
important parameter since it determines the amount of smoke produced by the fire. Increasing the soot 
yield increases the quantity of the smoke produced, so the visibility limit will be reached sooner. In 
addition to the value of 0.05 used in the previous analysis of the smoke control system, three more 
values were used as indicated in Table 51. 
Table 51 – Different Soot Yield Inputs Used in Simulations 
Soot Yield % of Simulation Value 
0.025 50 
0.05 100 
0.075 150 
0.1 200 
 
An FDS simulation was performed with each of these soot yield values and the ASET was compared to 
the calculated RSET. The ASET values on each level for each simulation are summarized in Table 52. 
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Table 52 – ASET Results for Different Soot Yield Values 
Floor 50% 100% 150% 200% 
2 > 300 s > 300 s > 300 s > 300 s 
3 > 300 s > 300 s > 300 s > 300 s 
4 > 300 s 264 s 202 s 168 s 
5 > 300 s 265 s 204 s 175 s 
6 > 300 s 225 s 168 s 163 s 
 
As shown in Table 52, higher values of soot yield decrease the ASET since the visible limit of 10 meters is 
reached sooner when there is more smoke. For each case, the design passes the performance based 
analysis because the ASET is greater than the calculated RSET with the 50% safety factor. Although the 
ASET is reduced for the 150% and 200% cases, the calculated RSET is also reduced because the detection 
time is sooner when the soot yield is higher. This is because the smoke is first detected by the beam 
detectors that are measuring the percent obscuration. With more smoke, the beam detectors will 
activate sooner, which decreases the RSET. The calculation of RSET and the ASET for the most severe 
case of a soot yield of 0.1 is shown in Table 53. 
Table 53 – ASET/RSET Analysis for Simulation with Soot Yield of 0.1 
Floor Detection 
Time 
Pre-movement 
Time 
Travel 
Time 
Total RSET RSET x 1.5 ASET ASET>RSET? 
2 
28 36 
53 117 176 > 300 YES 
3 95 159 239 > 300 YES 
4 37 101 152 168 YES 
5 37 101 152 175 YES 
6 44 108 162 163 YES 
 
6.7.8.2 CO Yield 
Although the ASET was always determined by the visibility limit and not the CO concentration limit, a 
sensitivity analysis was performed on the CO yield to determine if different input values would have 
different results. The different values for the CO yield that were used are summarized in  
Table 54. The tenable limit for CO concentration was never reached in any of the cases. The greatest CO 
concentration reached in the case with a CO yield of 0.12 was 1,000 ppm, far less than the tenable limit 
of 1,667 ppm. 
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Table 54 – Different CO Yields Used in the Sensitivity Analysis 
CO Yield % of Simulation Value 
0.04 100 
0.08 200 
0.12 300 
 
6.7.8.3 Sensitivity Analysis Conclusion 
The sensitivity analysis of soot yield and CO yield showed that increasing the input values by 200% and 
300% respectively did not have an effect on the ASET and RSET analysis. Since the changes in these 
parameters did not cause the new natural smoke control system design to fail the performance based 
analysis, it is safe to determine that the system is adequate for the atrium. The selected input properties 
are considered appropriate for the simulation since they were based on tabular data and more 
conservative values did not cause the smoke control system to fail. 
6.8 Performance Based Analysis Conclusion 
As shown in the previous analysis, the existing natural ventilation smoke control system is not adequate 
for the atrium since it cannot maintain tenable conditions for a time greater than it takes occupants to 
exit the atrium. In order to pass the performance based analysis, a new natural ventilation smoke 
control system has been proposed with additional venting. Using the most severe fire scenario, Design 
Fire #1, it was shown that this new smoke control system design is adequate for the atrium because it 
maintains tenability for a time greater than the egress time. Through a sensitivity analysis of input 
parameters and an analysis on the most severe temperature conditions for San Luis Obispo, the new 
smoke control system design was proven to pass the performance based analysis, except for on Level 6 
for the case of reverse stack effect. Although this level did not pass, the suggested design is still more 
appropriate than the current design for the atrium and would be the most cost effective solution since it 
would only require increasing the size of the vents rather than installing a mechanical ventilation smoke 
control system. 
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7.0 CONCLUSION 
Through a prescriptive and performance based analysis, several discrepancies were found in the Warren 
J. Baker Center for Science. For the egress components, dead end corridors have been identified that 
need to be reduced in length in order to be compliant with the CBC. Also, the student workspace on 
Level 3 requires a second exit, as previously discussed in the report. It was determined that the building 
meets the requirements for structural fire protection related to the height, area, and required fire 
resistance ratings and separations. The hydraulic calculations for the fire sprinkler system proved that 
the water supply exceeds the demand and is sufficient for the building. The fire alarm system contains 
adequate coverage of the building and is compliant with the requirements of NFPA 72 for spacing and 
placement of devices. The performance based analysis proved that the existing natural ventilation 
smoke control system is not adequate for the atrium and a new system has been proposed and tested in 
FDS to prove that it can provide a passing design. With the recommendations presented in this report, 
the Warren J. Baker Center for Science can be code compliant and safe for occupancy.  
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APPENDIX A – OCCUPANCY FLOOR PLANS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
1
--
Spring 2015
Aric Carracino
Le
ve
l 1
Bu
id
in
g 
18
0 
C
SM
Level 1 Occupancy Classification1
Group B
Group S-1, S-2
Group A-3
Group H-3
Corridors
Vertical Openings
Exit Stairs
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
2
--
Spring 2015
Aric Carracino
Le
ve
l 2
Bu
id
in
g 
18
0 
C
SM
Level 2  Occupancy Classification2
Group B
Group S-1, S-2
Group A-3
Group H-3
Corridors
Vertical Openings
Exit Stairs
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
Level 3 Occupancy Classification3
Group B
Group S-1, S-2
Group A-3
Group H-3
Corridors
Vertical Openings
Exit Stairs
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
3
--
Spring 2015
Aric Carracino
Le
ve
l 3
Bu
id
in
g 
18
0 
C
SM
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
Level 4 Occupancy Classification4
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
4
--
Spring 2015
Aric Carracino
Le
ve
l 4
Bu
id
in
g 
18
0 
C
SM
Group B
Group S-1, S-2
Group A-3
Group H-3
Corridors
Vertical Openings
Exit Stairs
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
5
--
Spring 2015
Aric Carracino
Le
ve
l 5
Bu
id
in
g 
18
0 
C
SM
Level 5 Occupancy Classification5
Group B
Group S-1, S-2
Group A-3
Group H-3
Corridors
Vertical Openings
Exit Stairs
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
6
--
Spring 2015
Aric Carracino
Le
ve
l 6
Bu
id
in
g 
18
0 
C
SM
Level 6 Occupancy Classification6
Group B
Group S-1, S-2
Group A-3
Group H-3
Corridors
Vertical Openings
Exit Stairs
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
 
 
APPENDIX B – FIRE RATED CONSTRUCTION FLOOR PLANS 
  
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
1
--
Spring 2015
Aric Carracino
Le
ve
l 1
Bu
id
in
g 
18
0 
C
SM
Level 1 Fire Rated Construction1
Legend:
1 Hour Rated Fire Barrier
2 Hour Rated Fire Barrier
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
2
--
Spring 2015
Aric Carracino
Le
ve
l 2
Bu
id
in
g 
18
0 
C
SM
Level 2  Fire Rated Construction2
Legend:
1 Hour Rated Fire Barrier
2 Hour Rated Fire Barrier
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
Level 3 Fire Rated Construction3
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
3
--
Spring 2015
Aric Carracino
Le
ve
l 3
Bu
id
in
g 
18
0 
C
SM
Legend:
1 Hour Rated Fire Barrier
2 Hour Rated Fire Barrier
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
Level 4 Fire Rated Construction4
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
4
--
Spring 2015
Aric Carracino
Le
ve
l 4
Bu
id
in
g 
18
0 
C
SM
Legend:
1 Hour Rated Fire Barrier
2 Hour Rated Fire Barrier
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
5
--
Spring 2015
Aric Carracino
Le
ve
l 5
Bu
id
in
g 
18
0 
C
SM
Level 5 Fire Rated Construction5
Legend:
1 Hour Rated Fire Barrier
2 Hour Rated Fire Barrier
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
C
A
L 
PO
LY
DRAWING NO.
OF SHEETS
NAME:
DATE:
SCALE:
6
6
--
Spring 2015
Aric Carracino
Le
ve
l 6
Bu
id
in
g 
18
0 
C
SM
Level 6 Fire Rated Construction6
Legend:
1 Hour Rated Fire Barrier
2 Hour Rated Fire Barrier
PR
O
D
U
C
ED
 B
Y 
A
N
 A
U
TO
D
ES
K
 E
D
U
C
A
TI
O
N
A
L 
PR
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
P
R
O
D
U
C
E
D
 
B
Y
 
A
N
 
A
U
T
O
D
E
S
K
 
E
D
U
C
A
T
I
O
N
A
L
 
P
R
O
D
U
C
T
PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT
 
 
APPENDIX C – CONSTRUCTION MATERIALS 
  




 
 
APPENDIX D – FIRE SPRINKLER PLANS 
  


















 
 
APPENDIX E – WILKINS MODEL 350ADA 
  


 
 
APPENDIX F – FIRE PUMP CURVE 
  

 
 
APPENDIX G – HYDRAULIC HAND CALCULATIONS 
  
  
NODE 
FLOW 
IN 
GPM 
PIPE  
SIZE 
PIPE 
FITTINGS 
AND 
DEVICES 
EQUIV. 
PIPE 
LENGTH 
FRICTION 
LOSS 
PSI/FT 
PRESSURE 
SUMMARY NOTES 
S631 q 19.5   1T(5) L 0.5   Pt 12.125 A=130ft^2 per sprinkler 
      1.049   F 5 0.1242 Pe -0.2165 D=0.15 gpm/ft^2 
L631 Q 19.5     T 5.5   Pf 0.6831 H=-0.5ft, K=5.6 
L631 q       L     Pt 12.592 Keq=19.5/sqrt(12.592) 
          F     Pe   Keq=5.495 
  Q 19.5     T     Pf     
L631 q       L 8   Pt 12.592   
      1.049   F   0.1242 Pe     
L632 Q 19.5     T 8   Pf 0.9936   
L632 q 20.25     L 8   Pt 13.586 Keq=5.495 
      1.049   F   0.4637 Pe   Q=5.495*sqrt(13.586) 
L633 Q 39.75     T 8   Pf 3.7096 Q=20.254 gpm 
L633 q 22.85     L 8   Pt 17.2956 Keq=5.495 
      1.049   F   1.074 Pe   Q=5.495*sqrt(17.2956) 
L634 Q 62.6     T 8   Pf 8.592 Q=22.853 gpm 
L634 q 27.96   1T(6) L 7.5   Pt 25.8876 H=+1ft 
      1.38 1E(3) F 9 0.5595 Pe -0.433 Q=5.495*sqrt(25.8876) 
MN08 Q 90.56     T 16.5   Pf 9.232 Q=27.96 gpm 
MN08 q       L     Pt 34.686 Branchline Keq 
          F     Pe   Keq=90.56/sqrt(34.686) 
  Q 90.56     T     Pf   Keq=15.38 
MN08 q       L 10.75   Pt 34.686   
      2.635   F   0.024 Pe     
MN10 Q 90.56     T 10.75   Pf 0.2577   
MN10 q 90.92     L 10.75   Pt 34.944 Keq=15.38 
      2.635   F   0.0868 Pe   Q=15.38*sqrt(34.944) 
MN11 Q 181.48     T 10.75   Pf 0.9326 Q=90.916 gpm 
MN11 q 92.12   1T(12) L 149.5   Pt 35.877 H=+1.33 ft 
      2.635 2E(6) F 18 0.1854 Pe -0.576 Q=15.38*sqrt(35.877) 
MN12 Q 273.6     T 167.5   Pf 31.055 Q=92.122 gpm 
MN12 q     1F(3) L 32.8   Pt 66.356   
      2.635 1T(12) F 15 0.1854 Pe     
MN13 Q 273.6     T 47.8   Pf 8.862   
MN13 q     2E(6) L 26.452   Pt 75.22 H=-2.247 ft 
      2.635 1T(12) F 24 0.1854 Pe 0.973   
MN14 Q 273.6     T 50.452   Pf 9.3538   
  
 
NODE 
FLOW 
IN 
GPM 
PIPE  
SIZE 
PIPE 
FITTINGS 
AND 
DEVICES 
EQUIV. 
PIPE 
LENGTH 
FRICTION 
LOSS 
PSI/FT 
PRESSURE 
SUMMARY NOTES 
MN14 q     2E(6) L 9.667   Pt 85.547   
      2.635   F 12 0.1854 Pe     
TOR6 Q 273.6     T 21.667   Pf 4.017   
TOR6 q     1C(11) L 7.083   Pt 89.564 H=-7.083 ft 
      2.635 1B(7) F 24 0.1854 Pe 3.067   
BOR6 Q 273.6   1E(6) T 31.083   Pf 5.763   
BOR6 q     1T(12) L 1   Pt 98.394 H=+1 ft 
      2.635   F 12 0.1854 Pe -0.433   
SP36 Q 273.6     T 13   Pf 2.41   
SP36 q 100   1T(30) L 32   Pt 100.37 H=-32 ft 
      6.065   F 30 0.0057 Pe 13.856   
SP34 Q 373.6     T 62   Pf 0.3534   
SP34 q     1T(30) L 23.833   Pt 114.58 H=-23.833 ft 
      6.065   F 30 0.0057 Pe 10.32   
SP05 Q 373.6     T 53.833   Pf 0.307   
SP05 q     1T(30) L 61.66   Pt 125.207 H=-1.084 ft 
      6.065 1B(10) F 110 0.0057 Pe 0.469   
SP04 Q 373.6   5E(14) T 171.66   Pf 0.978   
SP04 q     2E(14) L 79.33   Pt 126.654 H=-15.416 ft 
      6.065   F 28 0.0057 Pe 6.68   
SPC1 Q 373.6     T 107.33   Pf 0.612   
SPC1 q     1T(30) L 7.833   Pt 133.946   
      6.065   F 30 0.0057 Pe     
SPC2 Q 373.6     T 37.833   Pf 0.216   
SPC2 q     1B(12) L 14.75   Pt 134.162 H=-10.83 ft 
      7.981 1C(45) F 75 0.0015 Pe 4.7   
PO Q 373.6   1E(18) T 89.75   Pf 0.1346   
PO q       L     Pt 138.99 Pump Curve 
          F     Pe   At 373.6 gpm 
PI Q 373.6     T     Pf -125 P=125 psi 
PI q     1G(4) L 13.29   Pt 14 H=+5 ft 
      7.981 1E(18) F 57 0.0015 Pe -2.17   
POC Q 373.6   1T(45) T 70.29   Pf 0.105   
POC q     1E(18) L 41   Pt 13.885 H=+2.25 ft 
      8.27   F 32.32 0.0008 Pe -0.97 PVC pipe, C=150, 1.51 
BF1a Q 373.6     T 73.32   Pf 0.059 D=1.189, E=32.32 
  
NODE 
FLOW 
IN 
GPM 
PIPE  
SIZE 
PIPE 
FITTINGS 
AND 
DEVICES 
EQUIV. 
PIPE 
LENGTH 
FRICTION 
LOSS 
PSI/FT 
PRESSURE 
SUMMARY NOTES 
BF1a q     1E(18) L 4   Pt 12.974 H=+4 ft 
      7.981   F 18 0.0015 Pe -1.73   
BF1 Q 373.6     T 22   Pf 0.033   
BF1 q     1Zic L     Pt 11.277 Zurn spec sheet 
      7.981   F     Pe   Fixed loss 8 psi 
BF2 Q 373.6     T     Pf 8   
BF2 q     2E(18) L 4   Pt 19.277 H=-4 ft 
      7.981   F 36 0.0015 Pe 1.73   
BF2a Q 373.6     T 40   Pf 0.06   
BF2a q     1G(4) L 42   Pt 21.07 PVC pipe, C=150, 1.51 
      8.27 1T(35) F 70.02 0.0008 Pe   D=1.189, E=32.32 
SRC Q 373.6     T 112.02   Pf 0.0896 (39)*(1.189)*(1.51)=70.02 
SRC q 150     L     Pt 21.16 Outside HSA=150gpm 
          F     Pe     
  Q 523.6     T     Pf     
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APPENDIX J – AUTOSPRINK NODE ANALYSIS 
FittingsNode Elevation(Foot) Pressure(psi) Discharge(gpm)
Node Analysis
Report Description: Ordinary Group II
Job Number: 1
10 0'-0 S 82.394 248.02
101 10'-6¼ Spr(-16.967) 16.967 23.07
102 10'-6¼ Spr(-17.045) 17.045 23.12
103 10'-6¼ Spr(-17.110) 17.110 23.16
104 10'-6¼ Spr(-17.189) 17.189 23.22
105 10'-6¼ Spr(-18.173) 18.173 23.87
106 10'-6¼ Spr(-18.258) 18.258 23.93
107 10'-6¼ Spr(-20.782) 20.782 25.53
109 10'-6¼ Spr(-20.877) 20.877 25.59
110 10'-6¼ Spr(-25.419) 25.419 28.23
112 10'-6¼ Spr(-25.535) 25.535 28.30
1 13'-0 T(5'-0) 17.158
2 13'-0 T(5'-0) 18.448
3 13'-0 T(5'-0) 21.235
4 13'-0 T(5'-0) 26.185
5 13'-0 E(3'-0) 46.893
6 15'-0 PO(10'-0) 47.701
7 15'-0 PO(10'-0) 47.919
8 15'-0 T(20'-2) 62.126
9 8'-0 77.162
12 13'-0 T(5'-0) 17.242
13 13'-0 T(5'-0) 18.538
14 13'-0 T(5'-0) 21.337
15 13'-0 T(5'-0) 26.308
17 13'-0 E(3'-0) 47.104
18 13'-0 E(2'-0) 16.798
19 13'-0 E(2'-0) 16.881
© M.E.P.CAD, Inc. 3/19/2014 Page 1AutoSPRINK® VR11 v11.0.30.0 11:44:57PM
Pipe Type Diameter Flow Velocity Friction Loss Length Pressure
Downstream Elevation Discharge K-Factor Pt Pn Fittings Eq. Length Summary
Upstream Total Length
HWC
Hydraulic Analysis Job Number: 1
Report Description: Ordinary Group II
• • • • • Route 1 • • • • •
Pf
Pe
Pv
DR 1.0490 23.07 8.56 0.169433 2'-5¾ 1.268
101 10'-6¼ 23.07 5.6 16.967 5'-0 -1.077
1 13'-0 17.158 7'-5¾
120
Sprinkler,
T(5'-0)
Pf
Pe
Pv
BL 1.3800 46.23 9.92 0.161272 8'-0 1.290
1 13'-0 23.16 17.158
2 13'-0 18.448 8'-0
120
Flow (q) from Route 3
Pf
Pe
Pv
BL 1.3800 70.10 15.04 0.348385 8'-0 2.787
2 13'-0 23.87 18.448
3 13'-0 21.235 8'-0
120
Flow (q) from Route 5
Pf
Pe
Pv
BL 1.3800 95.63 20.51 0.618815 8'-0 4.951
3 13'-0 25.53 21.235
4 13'-0 26.185 8'-0
120
Flow (q) from Route 7
Pf
Pe
Pv
BL 1.3800 123.87 26.57 0.998630 17'-8¾ 20.707
4 13'-0 28.23 26.185 3'-0
5 13'-0 46.893 20'-8¾
120
Flow (q) from Route 9
E(3'-0)
Pf
Pe
Pv
RN 2.0670 123.87 11.84 0.139607 2'-0 1.675
5 13'-0 46.893 10'-0 -0.867
6 15'-0 47.701 12'-0
120
PO(10'-0)
Pf
Pe
Pv
CM 3.2600 123.87 4.76 0.015179 14'-4¾ 0.218
6 15'-0 47.701
7 15'-0 47.919 14'-4¾
120
Pf
Pe
Pv
CM 3.2600 248.02 9.53 0.054837 218'-9 14.206
7 15'-0 124.15 47.919 40'-3¾
8 15'-0 62.126 259'-0¾
120
Flow (q) from Route 2
2T(20'-2)
Pf
Pe
Pv
CM 2.6350 248.02 14.59 0.154612 35'-0¾ 12.001
8 15'-0 62.126 42'-6¾ 3.036
9 8'-0 77.162 77'-7½
120
Ee2(4'-1½), PO(16'-5¾), 
C(16'-5¾), LtE(5'-6)
Pf
Pe
Pv
FR 2.4690 248.02 16.62 0.212260 7'-3¾ 1.765
9 8'-0 77.162 1'-0 3.467
10 0'-0 82.394 8'-3¾
120
f(-0.000), ALV, GV(1'-0), S
248.02
0.00 Hose Allowance At Source
10
• • • • • Route 2 • • • • •
Pf
Pe
Pv
DR 1.0490 23.12 8.58 0.170162 2'-5¾ 1.274
102 10'-6¼ 23.12 5.6 17.045 5'-0 -1.077
12 13'-0 17.242 7'-5¾
120
Sprinkler,
T(5'-0)
Pf
Pe
Pv
BL 1.3800 46.34 9.94 0.161965 8'-0 1.296
12 13'-0 23.22 17.242
13 13'-0 18.538 8'-0
120
Flow (q) from Route 4
Pf
Pe
Pv
BL 1.3800 70.27 15.07 0.349881 8'-0 2.799
13 13'-0 23.93 18.538
14 13'-0 21.337 8'-0
120
Flow (q) from Route 6
Pf
Pe
Pv
BL 1.3800 95.85 20.56 0.621464 8'-0 4.972
14 13'-0 25.59 21.337
15 13'-0 26.308 8'-0
120
Flow (q) from Route 8
Pf
Pe
Pv
BL 1.3800 124.15 26.63 1.002885 17'-8¾ 20.796
15 13'-0 28.30 26.308 3'-0
17 13'-0 47.104 20'-8¾
120
Flow (q) from Route 10
E(3'-0)
Pf
Pe
Pv
RN 2.0670 124.15 11.87 0.140202 2'-0 1.682
17 13'-0 47.104 10'-0 -0.867
7 15'-0 47.919 12'-0
120
PO(10'-0)
• • • • • Route 3 • • • • •
Pf
Pe
Pv
DR 1.0490 23.16 8.60 0.170755 2'-5¾ 0.766
103 10'-6¼ 23.16 5.6 17.110 2'-0 -1.077
18 13'-0 16.798 4'-5¾
120
Sprinkler,
E(2'-0)
Pf
Pe
Pv
BL 1.3800 23.16 4.97 0.044909 8'-0 0.359
18 13'-0 16.798
1 13'-0 17.158 8'-0
120
• • • • • Route 4 • • • • •
Pf
Pe
Pv
DR 1.0490 23.22 8.62 0.171489 2'-5¾ 0.769
104 10'-6¼ 23.22 5.6 17.189 2'-0 -1.077
19 13'-0 16.881 4'-5¾
120
Sprinkler,
E(2'-0)
Pf
Pe
Pv
BL 1.3800 23.22 4.98 0.045103 8'-0 0.361
19 13'-0 16.881
12 13'-0 17.242 8'-0
120
• • • • • Route 5 • • • • •
Pf
Pe
Pv
DR 1.0490 23.87 8.86 0.180553 2'-5¾ 1.351
105 10'-6¼ 23.87 5.6 18.173 5'-0 -1.077
2 13'-0 18.448 7'-5¾
120
Sprinkler,
T(5'-0)
• • • • • Route 6 • • • • •
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Pipe Type Diameter Flow Velocity Friction Loss Length Pressure
Downstream Elevation Discharge K-Factor Pt Pn Fittings Eq. Length Summary
Upstream Total Length
HWC
Hydraulic Analysis Job Number: 1
Report Description: Ordinary Group II
Pf
Pe
Pv
DR 1.0490 23.93 8.88 0.181326 2'-5¾ 1.357
106 10'-6¼ 23.93 5.6 18.258 5'-0 -1.077
13 13'-0 18.538 7'-5¾
120
Sprinkler,
T(5'-0)
• • • • • Route 7 • • • • •
Pf
Pe
Pv
DR 1.0490 25.53 9.48 0.204403 2'-5¾ 1.530
107 10'-6¼ 25.53 5.6 20.782 5'-0 -1.077
3 13'-0 21.235 7'-5¾
120
Sprinkler,
T(5'-0)
• • • • • Route 8 • • • • •
Pf
Pe
Pv
DR 1.0490 25.59 9.50 0.205270 2'-5¾ 1.536
109 10'-6¼ 25.59 5.6 20.877 5'-0 -1.077
14 13'-0 21.337 7'-5¾
120
Sprinkler,
T(5'-0)
• • • • • Route 9 • • • • •
Pf
Pe
Pv
DR 1.0490 28.23 10.48 0.246264 2'-5¾ 1.843
110 10'-6¼ 28.23 5.6 25.419 5'-0 -1.077
4 13'-0 26.185 7'-5¾
120
Sprinkler,
T(5'-0)
• • • • • Route 10 • • • • •
Pf
Pe
Pv
DR 1.0490 28.30 10.50 0.247297 2'-5¾ 1.851
112 10'-6¼ 28.30 5.6 25.535 5'-0 -1.077
15 13'-0 26.308 7'-5¾
120
Sprinkler,
T(5'-0)
1.51
4.87 
)( 1501.331401.161300.713100
Equivalent Pipe Lengths of Valves and Fittings (C=120 only)
Actual Inside Diameter
Schedule 40 Steel Pipe Inside Diameter = Factor
C Value Multiplier
Value Of C
Multiplying Factor
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Pipe Type Diameter Flow Velocity Friction Loss Length Pressure
Downstream Elevation Discharge K-Factor Pt Pn Fittings Eq. Length Summary
Upstream Total Length
HWC
Hydraulic Analysis Job Number: 1
Report Description: Ordinary Group II
Pipe Type Legend
AO Arm-Over
BL Branch Line
CM Cross Main
DN Drain
DR Drop
DY Dynamic
FM Feed Main
FR Feed Riser
MS Miscellaneous
OR Outrigger
RN Riser Nipple
SP Sprig
ST Stand Pipe
UG Underground
Units Legend
Diameter Inch
Elevation Foot
Flow gpm
Discharge gpm
Velocity fps
Pressure psi
Length Foot
Friction Loss psi/Foot
HWC Hazen-Williams Constant
Pt Total pressure at a point in a pipe
Pn Normal pressure at a point in a pipe
Pf Pressure loss due to friction between points
Pe Pressure due to elevation difference between indicated points
Pv Velocity pressure at a point in a pipe
Fittings Legend
ALV Alarm Valve
AngV Angle Valve
b Bushing
BalV Ball Valve
BFP Backflow Preventer
BV Butterfly Valve
C Cross Flow Turn 90°
cplg Coupling
Cr Cross Run
CV Check Valve
DelV Deluge Valve
DPV Dry Pipe Valve
E 90° Elbow
EE 45° Elbow
Ee1 11¼° Elbow
Ee2 22½° Elbow
f Flow Device
fd Flex Drop
FDC Fire Department Connection
fE 90° FireLock(TM) Elbow
fEE 45° FireLock(TM) Elbow
flg Flange
FN Floating Node
fT FireLock(TM) Tee
g Gauge
GloV Globe Valve
GV Gate Valve
Ho Hose
Hose Hose
HV Hose Valve
Hyd Hydrant
LtE Long Turn Elbow
mecT Mechanical Tee
Noz Nozzle
P1 Pump In
P2 Pump Out
PIV Post Indicating Valve
PO Pipe Outlet
PRV Pressure Reducing Valve
PrV Pressure Relief Valve
red Reducer/Adapter
S Supply
sCV Swing Check Valve
Spr Sprinkler
St Strainer
T Tee Flow Turn 90°
Tr Tee Run
U Union
WirF Wirsbo
WMV Water Meter Valve
Z Cap
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APPENDIX L – NOTIFIER FSP-851(A) 
  
FSP-851(A) Series
Intelligent Plug-In Photoelectric
Smoke Detectors with FlashScan®
Intelligent/Addressable Devices
DN-6935:D • H-202
 General
Notifier FSP-851(A) Series intelligent plug-in smoke detectors 
with integral communication provide features that surpass con-
ventional detectors. Detector sensitivity can be programmed in 
the control panel software. Sensitivity is continuously monitored 
and reported to the panel. Point ID capability allows each detec-
tor’s address to be set with rotary, decimal address switches, 
providing exact detector location for selective maintenance 
when chamber contamination reaches an unacceptable level. 
The FSP-851(A) photoelectric detector’s unique optical sensing 
chamber is engineered to sense smoke produced by a wide 
range of combustion sources. Dual electronic thermistors add 
135°F (57°C) fixed-temperature thermal sensing on the FSP-
851T(A). The FSP-851R(A) is a remote test capable detector for 
use with DNR(A)/DNRW duct detector housings. FSP-851(A) 
series   detectors are compatible with Notifier Onyx and CLIP 
series Fire Alarm Control Panels (FACPs).  
FlashScan® (U.S. Patent 5,539,389) is a communication proto-
col developed by Notifier that greatly increases the speed of 
communication between analog intelligent devices. Intelligent 
devices communicate in a grouped fashion. If one of the devices 
in the group has new information, the panel’s CPU stops the 
group poll and concentrates on single points. The net effect is 
response speed greater than five times that of earlier designs.
Features
• Sleek, low-profile design.
• Addressable-analog communication.
• Stable communication technique with noise immunity.
• Low standby current.
• Two-wire SLC connection.
• Compatible with FlashScan® and CLIP protocol systems. 
• Rotary, decimal addressing (1-99 on CLIP systems, 1-159 on 
FlashScan systems).
• Optional remote, single-gang LED accessory.
• Dual LED design provides 360° viewing angle.
• Visible bi-color LEDs blink green every time the detector is 
addressed, and illuminate steady red on alarm (FlashScan 
systems only).
• Remote test feature from the panel.
• Walk test with address display (an address on 121 will blink 
the detector LED: 12-[pause]-1(FlashScan systems only).
• Built-in functional test switch activated by external magnet.
• Built-in tamper-resistant feature.
• Sealed against back pressure.
• Constructed of off-white fire-resistant plastic, designed to 
commercial standards, and offers an attractive appearance.
• 94-5V plastic flammability rating.
• SEMS screws for wiring of the separate base.
• Optional relay, isolator, and sounder bases.
Specifications
Sensitivity: 0.5% to 2.35% per foot obscuration
Size: 2.1" (5.3 cm) high; base determines diameter. 
– B210LP(A): 6.1" (15.5 cm) diameter.
– B501(A): 4.1" (10.4 cm) diameter.
– B200S(A): 6.875" (17.46 cm) diameter.
– B200SR(A): 6.875" (17.46 cm) diameter. 
– B224RB(A): 6.2" (15.748 cm) diameter. 
– B224BI(A): 6.2" (15.748 cm) diameter. 
Shipping Weight: 5.2oz. (147g).
Operating Temperature range: FSP-851(A), 0°C to 49°C 
(32°F to 120°F). FSP-851T(A), 0°C to 38°C (32°F to 100°F). 
Low temperature signal for FSP-851T(A) at 45°F +/- 10°F 
(7.22°C +/- 5.54°C). FSP-851R(A) installed in a DNR(A)/DNRW, 
-20°C to 70°C (-4°F to 158°F).
UL/ULC Listed Velocity Range: 0-4000 ft/min. (1219.2 m/
min.), suitable for installation in ducts.
Relative Humidity: 10%-93% noncondensing.
Thermal Ratings: Fixed-temperature setpoint 135°F (57°C).
DETECTOR SPACING AND APPLICATIONS
FSP-851(A) in B210LP(A) Base B
21
0-
29
51
.jp
g
Notifier recommends spacing detectors in compliance with 
NFPA 72. In low airflow applications with smooth ceiling, space 
detectors 30 feet (9.144m) for ceiling heights 10 feet (3.148m) 
and higher. For specific information regarding detector spacing, 
placement, and special applications refer to NFPA 72. System 
Smoke Detector Application Guide, document A05-1003, is 
available at systemsensor.com
ELECTRICAL SPECIFICATIONS
Voltage Range: 15-32 volts DC peak.
Standby Current (max. avg.): 300μA @ 24VDC (one commu-
nication every five seconds with LED enabled).
LED Current (max.): 6.5mA @ 24 VDC (“ON”).
Installation
FSP-851(A) plug-in detectors use a separate base to simplify 
installation, service, and maintenance. A special tool allows 
maintenance personnel to plug in and remove detectors without 
using a ladder.
Mount base (all base types) on an electrical backbox which is at 
least 1.5" (3.81 cm) deep. For a chart of compatible junction 
boxes, see DN-60054.
NOTE: 1) Because of inherent supervision provided by the SLC 
loop, end-of-line resistors are not required. Wiring “T-taps” or 
branches are permitted for Style 4 (Class “B”) wiring. 2) When 
using relay or sounder bases, consult the ISO-X(A) installation DN-6935:D • 12/08/2011 — Page 1 of 2
-Notifier® and FlashScan® are registered trademarks of Honeywell 
International Inc.
©2011 by Honeywell International Inc. All rights reserved. Unauthorized use 
of this document is strictly prohibited.
 
sheet I56-1380 for device limitations between isolator modules 
and isolator bases.
Agency Listings and Approvals
These listings and approvals apply to the modules specified in 
this document. In some cases, certain modules or applications 
may not be listed by certain approval agencies, or listing may be 
in process. Consult factory for latest listing status.
• UL Listed: S1115. 
• ULC Listed: S1115 (FSP-851A, FSP-851RA, FSP-851TA). 
• MEA Listed: 225-02-E .
• FM Approved.
• CSFM: 7272-0028:0206 .
• Maryland State Fire Marshal: Permit # 2122 .
• BSMI: CI313066760036.
• CCCF: Certif. # 2004081801000017 (FSP-851T)
Certif. # 2004081801000016 (FSP-851).
• U.S. Coast Guard: 161.002/42/1 (NFS-640); 161.002/50/0 
(NFS2-640/NFS-320/NFS-320C, excluding B210LP(A)).
• Lloyd’s Register: 11/600013 (NFS2-640/NFS-320/NFS-
320C, excluding B210LP(A)).
Product Line Information
NOTE: “A” suffix indicates ULC Listed model.
FSP-851: Low-profile intelligent photoelectric sensor. Must be 
mounted to one of the bases listed below.
FSP-851A: Same as FSP-851 but with ULC listing.
FSP-851T: Same as FSP-851 but includes a built-in 135°F 
(57°C) fixed-temperature thermal device.
FSP-851TA: Same as FSP-851T but with ULC listing.
FSP-851R: Low-profile intelligent photoelectric sensor, remote 
test capable. For use with DNRA/DNRW.
FSP-851RA: Same as FSP-851R but with ULC listing. For use 
with DNRA.
INTELLIGENT BASES
NOTE: “A” suffix indicates ULC Listed model.
NOTE: For details on intelligent bases, see DN-60054.
B210LP(A): Standard U.S. flanged low-profile mounting base. 
B210LPBP: Bulk pack of B210LP; package contains 10.
B501(A): Standard European flangeless mounting base. 
B501BP: Bulk pack of B501; package contains 10.
B200S(A): Intelligent, programmable sounder base capable of 
producing sound output in high or low volume with ANSI Tempo-
ral 3, ANSI Temporal 4, continuous tone, marching tone, and 
custom tone. 
B200SR(A): Intelligent sounder base capable of producing 
sound output with ANSI Temporal 3 or continuous tone. 
Replaces B501BH series bases in retrofit applications. 
B224RB(A): Plug-in System Sensor relay base. Screw termi-
nals: up to 14 AWG (2.0 mm²). Relay type: Form-C. Rating: 2.0 
A @ 30 VDC resistive; 0.3 A @ 110 VDC inductive; 1.0 A @ 30 
VDC inductive.
B224BI(A): Plug-in System Sensor isolator detector base. 
Maximum 25 devices between isolator bases .
ACCESSORIES
F110: Retrofit flange to convert B210LP(A) to match the 
B710LP(A) profile, or to convert older high-profile bases to low-
profile. 
F110BP: Bulk pack of F110; package contains 15. 
F210: Replacement flange for B210LP(A) base.
RA100Z(A): Remote LED annunciator. 3 – 32 VDC. Mounts to a 
U.S. single-gang electrical box. For use with B501(A) and 
B210LP(A) bases only.
SMB600: Surface mounting kit
M02-04-00:Test magnet.
M02-09-00: Test magnet with telescoping handle.
XR2B: Detector removal tool. Allows installation and/or removal 
of detector heads from bases in high ceiling applications.
XP-4: Extension pole for XR2B. Comes in three 5-foot (1.524 m) 
sections.
T55-127-010: Detector removal tool without pole.
BCK-200B: Black detector covers for use with FSP-851(A) only; 
box of 10. 
WCK-200B: White detector covers for use with FSP-851(A)
only; box of 10. 
  Page 2 of 2 — DN-6935:D • 12/08/2011
This document is not intended to be used for installation purposes.
 We try to keep our product information up-to-date and accurate. 
We cannot cover all specific applications or anticipate all requirements. 
All specifications are subject to change without notice.
For more information, contact Notifier. Phone: (203) 484-7161, FAX: (203) 484-7118.
www.notifier.com
Made in the U.S. A.
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APPENDIX N – OSID BY XTRALIS 
 
 
 
 
 
Open-area Smoke Imaging Detection 
(OSID) by Xtralis is a new innovation 
in projected beam smoke detection 
technology. By using advanced dual 
wavelength projected beams and 
optical imaging technology for early 
warning smoke detection, OSID 
provides a low-cost, reliable and 
easy-to-install solution that overcomes 
typical beam detection issues such as 
false alarm incidents and alignment 
difficulties.
Unique Detection Technology
The OSID system measures the level of smoke entering beams of light projected over 
an area of protection. A single OSID Imager can detect up to seven Emitters to provide 
a wide coverage area. Two innovations in smoke detection technology have been 
developed for the revolutionary OSID smoke detector:
Dual Wavelength Particle Detection
The beam projected from each Emitter contains a unique sequence of ultraviolet (UV) 
and infrared (IR) pulses that are synchronised with the Imager and enable the rejection 
of any unwanted light sources.
By using two wavelengths of light to detect particles, the system is able to distinguish 
between particle sizes. The shorter UV wavelength interacts strongly with both small 
and large particles while the longer IR wavelength is affected only by larger particles. 
Dual wavelength path loss measurements therefore enable the detector to provide 
repeatable smoke obscuration measurements, while rejecting the presence of dust 
particles or solid intruding objects.
Optical Imaging with a CMOS Imaging Chip 
An optical imaging array in the OSID Imager provides the detector with a wide viewing 
angle to locate and track multiple Emitters. Consequently, the system can tolerate a 
much less precise installation and can compensate for the drift caused by natural shifts 
in building structures.
Optical filtering, high-speed image acquisition and intelligent software algorithms also 
enable the OSID system to provide new levels of stability and sensitivity with greater 
immunity to high level lighting variability.
Operation
Status information (Fire Alarm, Trouble and Power) is communicated through the 
Imager via Status LEDs, dedicated Trouble and Alarm relays, and the Remote Indicator 
interface. Specific Trouble (Fault) conditions are identified through coded flashes of the 
Trouble LED.
An internal heating option is also provided on the Imager to prevent condensation on 
the optical surface, and a reset input enables an external signal to reset the device.
Simple Installation and Maintenance
The OSID system consists of up to seven Emitters, for the 45° and 90° Imager units, 
located along the perimeter of the protected area, and an Imager mounted opposite. 
Each component can be mounted directly to the surface or can be secured with the 
supplied mounting brackets. Battery powered Emitters with up to five years battery life 
are also available to reduce installation time and cost.
Features
• Maximum detection range of  
150 m (492 ft) for the OSI-10
• Status LEDs for Fire, Trouble and Power
• High false alarm immunity
• Dust and intrusive solid object rejection
• Easy alignment with large adjustment 
and viewing angles 
• No need for precise alignment
• Tolerant of alignment drift
• Automatic commisioning in under  
ten minutes
• Simple DIP switch configuration
• Dual wavelength LED-based smoke 
detection
• Simple and easy maintenance 
requirements
• Conventional alarm interface for 
straightforward fire system integration
• Three selectable alarm thresholds
Listings/Approvals
• UL
• ULC
• FM
• AFNOR
• CE Mark
• VdS
• ActivFire
• BOSEC
• Major Agency Approvals pending
OSID Smoke Detection
Specifications
Supply Voltage
20 to 30 VDC (24 VDC nominal)
Imager Current Consumption
Nominal (at 24 VDC):
8mA (1 Emitter) 
10mA (7 Emitters)
Peak (at 24 VDC) during training mode:
31mA
Emitter Current Consumption
Wired Version (at 24 VDC): 
350µA Std Power, 800µA High Power
Battery Version (1.9 - 3.2 VDC): 
Built-in 5 Year Replaceable Battery
Field Wiring
Cable Guage  
  0.2 - 4mm² (26-12 AWG)
Alarm Threshold Levels: 
Low - Highest sensitivity / earliest alarm:
20% (0.97 dB)
Medium - Medium sensitivity:
35% (1.87 dB)
High - Lowest sensitivity / maximum 
immunity to nuisance smoke conditions:
50% (3.01 dB)
Adjustment Angle
±60° (horizontal)
±15° (vertical)
Maximum Misalignment Angle
±2°
Dimensions (WHD)
Emitter / Imager:
208 mm x 136 mm x  96 mm 
(8.19 in. x 5.35 in. x 3.78 in.)
Operating Conditions*
Temperature:
-10 °C to 55 °C (14 °F to 131 °F)*
Humidity:
10 to 95% RH (non-condensing)
Please consult your Xtralis office for 
operation outside these parameters.
IP Rating
IP 44 for Electronics
IP 66 for Optics Enclosure
Status LEDs
Fire Alarm (Red)
Trouble / Power (Bi-color Yellow / Green)
Event log
10,000 events
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OSID Smoke Detection
On the Imager, a termination card provides all field wiring terminals, and DIP switches 
enable the user to configure the detector for particular applications. 
Alignment of the Emitter is simply achieved using a laser alignment tool to rotate the 
optical spheres until the laser beam projected from the alignment tool is close to the 
Imager.
The Imager is aligned in a similar way so that its Field of View (FOV) encompasses 
all Emitters. A Trouble or Fault will be indicated if an Emitter is missing or outside the 
Imager field of view.
The OSID system is highly tolerant to dust and dirt and requires little maintenance in 
practice. Preventative maintenance is limited to occasionally cleaning the optical faces 
of the detector components.
Configuration Options
OSID systems may be configured to suit a range of detection spaces by selecting the 
number of Emitters and type of Imager. Each type of Imager differs by the lens used in 
the unit, which determines the field of view and range of the system.
Imager
Field of View Detection Range Max. 
Number 
of 
EmittersHorizontal Vertical
Standard Power High Power
Min Max Min Max
10° 7° 4° 30 m (98 ft) 150 m (492 ft) - - - - 1
45° 38° 19° 15 m (49 ft) 60 m (197 ft) 30 m (98 ft) 120 m (393 ft) 7
90° 80° 48° 6 m (20 ft) **34 m (111 ft) 12 m (39 ft) **68 m (223 ft) 7
** Maximum Distances measured for the Center Field of View of the Imager. For more details on distances for the 
Imager, see the OSID Product Guide. 
Emitter / Imager Dimensions
Ordering Codes
OSI-10 Imager - 7º coverage OSE-HPW Emitter - High Power, Wired
OSI-45 Imager - 38º coverage OSID-INST OSID Installation Kit
OSI-90 Imager - 80º coverage OSP-001 FTDI Cable 1.5m
OSE-SP-01 Emitter - Alkaline Battery OSP-002 Laser Alignment tool
OSE-SPW Emitter - Standard Power, Wired OSID-WG Wire Guard
OSID-EHE Emitter environmental housing IP66 OSE-RBA Spare alkaline battery pack for Emitter units
OSID-EHI Imager environmental housing IP66 OSE-RBL Replacement Lithium Ion Kit
OSE-ACF Anti-condensation film for Emitters
OSEH-ACF Anti-condensation film for OSID-
EHE and OSID-EHI environmental 
housings
Approvals Compliance
Please refer to the Product Guide for 
details regarding compliant design, 
installation and commissioning.
 
* Product UL listed for use from 0°C to 39°C (32°F to 103°F)
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Open-area Smoke
Imaging Detection (OSID)
Reference Guide 
OSID (Open-area Smoke Imaging Detector) combines dual wavelength (IR and UV) beams with CMOS imaging detection. This 
technology features high tolerance to vibration and structural movement and OSID differentiates better between smoke and 
environmental conditions than traditional beam detectors.. OSID operates in both pitch dark as well as bright sunlight.
One Imager (receiver) can have up to 7 Emitters and provides easy 3D coverage for atria etc. 
Fast and easy installation and commissioning is achieved through the flexible ball & socket arrangement and the use of the 
laser alignment tool. Trouble shooting is simple thanks to the on-board memory and the OSID Diagnostic SW package, both 
unique for this industry. 
Below is an overview of this award winning OSID range.
OSI-10 Imager 8° FOV
Distance 30-150 m with OSE-SP/W. 
This configuration is for a 1 on 1 system. 
The OSI-10 is not suited to work with High Powered Emitters.
OSI-45 Imager 38° FOV
Distance 12-60 m with OSE-SP/W 
Distance 24-120 m with OSE-HPW 
The OSI-45 can operate with up to 7 Emitters.
OSI-90 Imager 80° FOV
Distance 6-34 m with OSE-SP/W 
Distance 12-68 m with OSE-HPW 
The OSI-45 can operate with up to 7 Emitters.
OSE-SP-01 Emitter battery powered-alkaline battery
Using battery powered Emitters, with a guaranteed 5 year life, 
drastically reduce the wiring and installation costs.
OSE-HP-01 Emitter High Power  battery powered-alkaline battery
Using battery powered Emitters, with a guaranteed 3 year life, 
drastically reduce the wiring and installation costs.
OSE-SPW Emitter Wired 24 Vdc
A preferred solution when 24 Vdc is close by. 
OSE-HPW Emitter High Power Wired 24 Vdc
Allows to double the detection ranges of the  OSI-45 and OSI- 90. 
OSID-INST OSID Installation Kit
Kit including laser alignment tool, test filter, PC cable, cleaning cloth, 
reflectors and manual. 
 
VKT-301 OSID Demo kit 
Kit consisting of 2 X OSE-SP-01, 1 X OSI-90, 1 X OSID-INST and 
mounting plates, fitted in a rugged carry case.
 
OSP-001 FTDI Cable 1.5m
Allows to connect a PC and hence OSID Diagnostic SW to the 
Imager. The FTDI cable can be extended with another 20 m using 
cable with an active USB amplifier.
OSP-002 Laser Alignment tool
A unique alignment tool for fast alignment. 
Aligns and locks the eyeball. Does also activate Emitters when 
locked.
OSID-WG Wire Guard
A steel cage to protect OSID Imagers and Emitters from vandalism 
and accidental damage. 
OSID-EHI Imager Environmental Housing
Custom designed IP 66, NEMA 4-4X protective and environmental 
housings protect OSID Imagers from dust and water ingress in 
industrial environments.
OSID-EHE Emitter Environmental Housing 
Custom designed IP 66, NEMA 4-4X protective and environmental 
housings protect OSID Emitters from dust and water ingress in 
industrial environments.
OSE-ACF Anti-condensation film for Emitters
An easy applicable film that provide long time resistance to 
condensation on the acrylic Emitter lens. 
OSEH-ACF Anti-condensation film for OSID-EH housings 
An easy applicable film that provide long time resistance to 
condensation on the glass fronts 
OSID Diagnostic 
Tool
Diagnostic software package
A unique software program that allows visualisation of the Imager’s 
view, quality of alignment and IR/UV real time graphs. The program 
also features real time logging capability for trouble shooting and site 
evaluation purposes.
OSID Selection 
Assistant
System selection tool
The program is an intuitive Excel based program that for a given area 
will calculate 90°, 45°and 10° OSID solutions as well offer a price 
comparison with traditional beams. It also gives the exact location to 
point the alignment laser tool for optimal FOV for the Imagers in 
multi-Emitter solutions.
OSE-RBL Emitter replacement battery Lithium
 
 
 
OSE-RBA Emitter replacement battery Alkaline
 
Available Fields of View and Detection Ranges
Image 
Lens 
Type
Usable Field of View Detection Range Max. 
Number of 
EmittersHorizontal Vertical
Standard Power High Power
Min Max Min Max
10º 7º 4º 30 m (98 ft) 150 m (492 ft) - - 1
45º 38º 19º 15 m (49 ft) 60 m (197 ft) 30m (98 ft) 120 m (393 ft)/ 
100 m (328 ft) *
7
50º 80º 48º 6m (20 ft) 34 m (111 ft) 12m (39 ft) 68 m (223 ft)/ 
50 m (164 ft) *
7
* Range with OSE-HP-01
One-on-one application and theory of operation
Typical Multi-Emitter application
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Product Specifications
General
Alarm Thresholds 
(Configurable)
Low - Highest sensitivity / earliest alarm: 20% (0.97 dB) 
Medium - Medium sensitivity: 35% (1.87 dB) 
High - Lowest sensitivity / maximum immunity to nuisance 
smoke conditions: 50% (3.01 dB)
Alarm Latching 
(Configurable)
Latching / Non-latching configured via DIP switch
Status LEDs (Imager) Red: Fire Alarm; Bi-color Yellow/Green: Trouble or Normal
IP Rating IP 44 for Electronics; IP 66 for Optics Enclosure
DIP Switch 
Configuration 
(Termination Card)
Configuration for alarm thresholds, number of Emitters and 
alarm latching/non latching. 
Electrical
Imager Supply voltage 20-30 VDC (24 VDC nominal)
Imager Current 
Consumption
Typical at 24 VDC: 8 mA (one Emitter), 10 mA (seven 
Emitters)
Emitter Current 
Consumption
Externally powered Emitter (at 24 VDC): 350 µA Standard 
Power, 800 µA High Power 
Battery-powered Emitter: Built-in 5 Year Replacement Alkaline 
Battery,3 Year Replacement with OSE-HP-01
Cable Gauge 0.2 - 4 mm2 (26-12 AWG)
Trouble/Fault Relay 2 A @ 30 VDC, NO-C-NC Dry Relay Contacts
Fire Alarm Relay 2 A @ 30 VDC, NO-C-NC Dry Relay Contacts
Heater Input Power 24 VDC, 16 mA (400 mW)
Environmental
Operating Temperature -10ºC to 55ºC (14ºF to 131ºF)
Humidity 10 to 95% RH Non-condensing
Mechanical
Dimensions (WHD) 208 mm x 136 mm x 96 mm (8.2 in x 5.4 in x 3.8 in)
Weight Imager: 610 g; Emitter (battery powered): 1.2 kg 
Emitter (wired): 535 g
Adjustment Angle Horizontal: ±60º; Vertical: ±15º
Maximum Misalignment 
Angle
±2º
OSID AWARDS
OSID website
Visit the OSID website at
www.xtralis.com
and discover application flyers, application 
notes, software, brochures and much more.
